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PREFACE. 



Tbb design of this work is to funiis]i no epitome of the leading 
principlea of the science of Zoology, as deduced ftooi the present 
Btato of inowlodge, bo iUustrated as to be intelligible to tbo begin- 
ner. No Hrmilar treatise now esdsts in this country, and, indeed, 
some of tho topics hayo not been touched upon in the Ei^Hsli lan- 
guage, unless in a strictly teclinieal form, and in scattered artioles. 
On this account, some of tlio chapters, like those on Embryology 
and MotamotpliOBis, may, at fitsf, seem, too abstruse for scholars in 
our common, schools. This may be the case, until teachers shall hare 
made themselves somewhat familiar with subjects oomparatiTelynow 
to them. But so essential have theseaubjectsnJDW become to a correct 
interpretation of philosophical zoology, that the study of them irill 
hereafter be indispensable. They furnish a key to many phenomena 
which have been heretofore loeied in mystery. 

Being intended for American students, the illustrations have been 
drawn, as far as possible, from American objects : some of them are 
presented merely as ideal outlines, which convey a more definite 
idea than accurate sketches from nature ; others have been left im- 
perfect, except as to the parta especially in question ; a large propor- 
tion of them, however, are accurate portraits from origuiEl drawings. 
Popular names have been employed as far as possible, and to the 
scientific names an English terminalion, has generally been given ; 
but the technical terms have been added, in brackets, whenever mis- 
understanding was apprehended. Definitions of those least likely 
to be understood, may be found in the Index. 

The principles of Zoologj' developed by Professor Agassiz in his 
published works have been generally adopted in Uiis, and the results 
of many new researches have been added. 

The authors gratefully acknowledge the aid they have received, 
in preparing tlie illustrations and working out the details, from Mr, 
!• 
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E. Deaor for many years an assouiato of Professor Agoasiz, from. Count 
Pourtal^s and E. C. Cabot, Esq., and also from Professor Asa Gray, 
by valuable suggeations in the revision of the letfep-press. 

The first part is derotcd to Comparative Anatomy, Physiology, 
and Embryology, as the basis of Classification, and also to the illns- 
tration of the geographical distribution ani the geological succession 
of Animals ; the second to Systematic Zoology, in which the prin- 
ciples of Classilicalioij. ivill be applied, and the principal groups of 
animals ■wUl be briefiy eharaeterized. 

Should our aim be attuned, this work will produce more enlarged 
ideas of man's relations to Nature, and more exalted conceptions ce( 
the Plan of Creation and its Great Author. 



PREFACE TO TEiE REVISED EDITION. 

Iir revising the present work, the authors have endeavored to 
render more precise those passages ivhich admitted of loo hroad a 
BigniScation or of a double interpretation ; and to correct such errors 
as had arisen fiom inadvertenee, or such as the rapid progress of Sci- 
ence has disclosed. They are indebted for many suggestions on 
these points to several distinguished teachers who have used tho work 
as a text hook, and more especially to Professor Wyman, of Harvard 
University. Several entirely new paragraphs have also been added. 

A list of some of the principal authors who have made original 
researches, or of treatises which enter more into detail than was ad- 
missihlo in an elementary work, has heen given at the close of the 
volume, for the use of those who would pursue the suhject of 
Zoology in a more extended manner. 

The work having thus been revised and enlarged, the authors sub- 
mit it to the puhEo with increased confidence in its aoonracy and 



IN, Febniary\, ISJl, 
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EXPLANATION OP THE FIGUEES. 



rKON-TispiECE, — The diagram opposite the title page is intended to 
present, at one -view, the disttibution of tlie principal types of snimals, 
and the order of their successive appearance in the layers of the earth's 
onist. The four Ages of Nature, mentioned at page 221, are represented 
by four zones, of different shades, eaeh of which is subdivided by eirclea, 
indicating the number of formations of which they are eomposed. The 
whole disk is divided by radiating lines into four segments, to include the 
four great departments of the Animal Kingdom ; the Vertebrates, with 
Man at their head, are placed in the upper compartment, the Articulates 
at the left, the Mollnsks at the right, and the Kadiates below, as being 
the lowest in rank. Each of these compartments is again subdivided to 
include the different classes belonging to it, which are named at the outer 
circle. At the centre is placed a figure to represent the primitivfl egg,' 
with its germinative vesicle and germinative dot, (278,) indicative of the 
universal origin ot all animals, and the epoch of life when all are appar- 
ently alike, (276, 276.) Surrounding this, at ths point from wliieh each 
department radiates, are placed the symbols of the several departments, 
as explained on page 155. The zones are traversed by rays which repre- 
sent the principal types of animals, and their origin and termination in- 
dicates the age at which they first appeared or disappeared, all those which 
reach the circumference being still in esistence. The width of the ray in- 
dicates the greater or less prevalence of the type at different geological 
ages. Thus, in tlve class of Crustaceans, the Ttilobifes appear to com- 
mence in the earliest strata, and to disappear irith the carboniferous for- 
mation. The Ammonites also appeared in the Silurian formation, and 
did not become extinct before the deposition of the Cretaceous rocks. 
The Belcmnites appear in the lower Oolitic beds ; many fonoa commence 
ia the Tertiary; a great number of types make their appearance only in 
the Modem age ; while only a tew have continued from the Silurian, 
through every period to the present. Thus, the Crinoids were very nu- 
merous in the Primary Age, and are but slightly developed In the Tertiary 
and Modem Age. It is seen, at a glance, that the Animal Kingdom is 
much more diversified in the later than in the earlier Ages. 

Below the circle is a section, intended to show more distinctly the rel- 
ative position of the ten principal formations of stratified rocks (461) 
composing the tour great geological ages ; the numerals corresponding to 
those on the raj leading loMan.in '.he circular figure. See also figure lot. 
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12 EXPLANATION OF THE FIGURES. 

TuE CHiRT OF ZoOLOciciL REGIONS, page 195, is intendcil to ehow 
the limits of ihe serera! Faunas of the Amerioan Continent, cortespond- 
iag to the elimatal regions. And as tlia holier regions of the laountains 
eorteapond in temperature to the climate of higher latitudes, it will lie 
seen that the naithcm tcmpciato fauna extends, along the mountaina of 
Mexico and Central America, much farther towards the Equator than it 
does on the lower levels. In the simo nianncr,. the southernivarm fauna 
extends northward, along the Andea. 
Fjo. 

1. Simple cell, magnified, as seen in the house-leek. 

2. Cells when altered by pressure upou each other ; from the pith of elder. 

3. Nucleated cells, (o,) magnified; S, nucleolated cells. 

4. Cartilaginous tissue from a horse, magnified 120 diameters, 

5. Osseous tissue &om a horse, magnified 450 diameters. 

6. Nervous fibres, showing the loops as they terminate in the sltiii of a 

7. Giaj' substance of the hriun, magnified. 

S. Bead of an embtjo fish, to show its cellular structure throughout. 
9. Diagram, to show the nervous system of the Vertebrates, as found 

10. Diagram of the nervous system of the Articulates, as seen in a lobster. 

11. Diagram of the nervous system of the Mollusks, as found in Natica 

12. Diagram of the nervous system of theBadiatcs,as found inScutella, 

( Ec/iinariu:hmas panaa. ) 

13. Sectionoftheeyo. a, optic nerve ; 6, sclerotic coat ; c, choroid coat; 

d, retina ; e, crystalhne lens ; /, cornea ; g, itis ; A, vitreous body ; 
1, chamber, divided by the iris. 

14. Diagram, showing the effect of the eye on rays of light. 

15. Position of the eye of the snail, 
W. Byes Ipcelli) of the spider. 

17. Eye-spots of a star-fish, {Echinosler sanguirtolenitis.] 

18. Compound eyes, showing the arrangement of the fagettes, and their 

connection with the optic nerve, as seen in a crab's eye. 

19. Diagram of the human car, to show tlie different chambers, canals, 

20. Tympanum and small bones of the ear, twice the natural size ; c, 

lil. Section of the brain of a crow, showing the origin of the nerves of 
the special senses. 

22. Diagram of the larynx, in man. 

23. Larynx of the merganser, (Merffus mavjamer,) 

24. Nests of Ploceus Philippinus, male and female. 
26. Distribution of nerves to the muscular fibres. 

26, Test, or crust-like covering of an Ecliinoderm, (Ci^rii.) 
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EXPLANATION OF TEE EIGUltES. 13 

27. Muscular tibbone of the wiilow-moth, {Cosms llgniperda.) 

28. Vertebra of a cod-fish. 

29. Disposition of the mxiscles of the trout, {Sabito truita.) 

30. Sispositioa of the muaclea of an owl, {Sinn brnehyaUa.) 

31. Jelly-fishes, {Storm^racMxtm crvcialum, Hippoorene Bougmnviliii,) 
82. Leech, showing the terminal cups. 

33. Portion of a Nereis, showing the gills as organs of moldon. 

34-43, ModJficationg of the fore-arm. 

34. Monkey. 35. Deer. 36, Tiger. 37. Wliale. 38. Bat, 
39. Pigeon. 40. Turtle. 41, Sloth, 42. Mole. 43. Whale. 

44. Leg of a beetle. 

IS. Leg of a lizard, 

46. Skeleton of a tiger. 

47. Cnltle-fish, {LoHgo illecebi-osa.) 

48. Sea-anemone, {Actinia marffinata;) a, mouth ; b, stomach ; o, general 

cavity of the body. 

49. Planaria, showing the mouth, stomach, and its branches. 

60. Jaws, Btomaeh, and intestine of a sea-urchin, {Enhinus lividia.) 

51. Plan of the digestive organs of an insect. 

62. Plan of the digestive organs of a land-slug, ( 7'e6t«nOfJ&)JTt! Carolini- 

g the laeteals of man, and their entrance 

S5. Jaws of an Echinoderm, (Echinarachmia parma.) 
66. Jaws of a sea-urchin, {Ec/iintis ffranuiattia.) 
57- Beakofacuttle-Esh. 

68. Portion of the tongue of a moUusk, {Natica heros,) magnified. 

69. Jaws of an Annelide, {Nereis.) 

60. Trophi (organs for taking food) of a beetle. 

61. " of a bee. 

62, 63. " of a squash-bug. 
64, " of a butterfly. 

63, " of a Eotifer, (Sj-ocAioniM.) 

66. Jaws of ditto, magnified. 

67. Skull of a tiger, showing the muscles for mastication. 

68. Head of a anapping-turtlc, {Emysawus serpentina.) 

69. Head of a Whale, showing the whalebone. 

70. Head of an ant-eater. 

71. Head of aa alligator. 

72. Head of a skate-fish, {MyliobatiS,) showing the palate bono. 

73. Head of a monkey, showing the three dificrent kinds of teeth. 

74. Teeth of an insecUTOtous animal, the mole. 

75. Teeth of a caniivorous animal, the tiger. 

76. Teethcfarodent. 
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ESPLAHATION OF IKE FIGITEES. 



1, Portion of a vein opened, to show the vahes. 
i. Network of capillary vessels. 

~ sal -vessel of an insect, with its valres. 
S. Cavities of the heart of mammals and birds. 
" of a reptile. 

t. Heart and Hoodyessels of a gasteropod mollaslt, {NaUca.) 
~ :heie, or air tubes of an insect ; a, stigmata ; (, trachea, 
.live position of the heart and lungs in man. 
'.. Eespiralory organs of a naked mollusk, {Polycera ilbimiitata.) 
I. Respiratory organs (gills) of a fish. 

'cles and canals of the Balivary glands. 
I. Section of the skin, magniiied, to show the sweat glands { a, the catia ) 
6, blood-lajer ; e,epidermi3 ; g, gland imbedded in the fat-layer,{/.) 
~ ;g of a skatc-fisii, (AfyZi'oSniis.) 
g of hydra, 
g of snowAea, (Podurdla.) 

98 S ti am OTarian egg; <i, germinative dot; (f, germinativc vesi- 

shell membrane i v, TitelJine membrane. 

99 Egg of Pymla. 

100 us bearing its eggs, a a. 

10 S a bird's egg; a, albumen; c, chalaza; e, embryo; s, shell; 

y k. 
02. C of tie genu. 

03 S p of the cell-layer into three layers ; a, seroMS or nervouj 

y m, mucous or vegetative layer ; «, vascular or blood layer. 

04 Emhry t a crab, showing its incipient rings. 

Emb f a vertebrate, showing the dorsal furrow, 

S S s of the embryo, showing the formation of the dorsal canal. 

j9 S bowing the position of the embryo of a vertebrate, in re- 

n to the yolk. 
S bowing the same in an articulate, {PodureOa.) 

111-22. Sections, showing the successive stages of development of the 

embryo of the white-fish, magnified. 
123. Teung white-fish just escaped ftom the egg, with the yolk not yet 

fully taken in. 
124, 125. Sections of the embryo of a bird, showing the formation of the 
allantois ; c, embryo ; x x, membrane rising to form the amnios ; 
a, allantois ; y, yolk. 
126. The same more fully developed. The allantois (a) is ftu-ther de- 
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expljINATIo:* of the figuees. 15 

Fio. 

velopcd, and bent upwards. The upper part ot the jolk {dd)ii 
nearly separated from the yolk sphere, aJid is to become the in- 
testine. The heart (A) is already distinct, and connected by 
threads mth the blood-layer of the body. 

127. Section of the egg of a mammal ; 11, the thick ritelline membrane, 

or chorion ; y, jolk ; a, germinative dot ; ff, germinative resiole. 

128. The same, showing the emptyspace (A] between the vitelline sphera 

and chorion. 

129. Shows the first indications of the germ already divided in two layers, 

the serous layer, (s,) and the mucous layer, (m.) 

130. The mucous layer (m) expands over nearly half of the yolk, and be- 

comes covered with many little fringes, 

131. The embryo (e) is seen surroiuided by the amnios, (i,) and covered 

by a large allantois, (a;} p e, fringes of the chorion ; p m, fringe* 
of the matrix. 

132. Hydra, showing its reproduction by buds. 

133. Vorticella, showing its reproduction by division. 

134. Polyps, showing the same. 

135. A chain of SalpEB. 

136. An individual ealpa ; m, the mouth ; a, embryos. 

137. Cercaria, or early form of the Distoma. 
133, Distoma, with its two suckers. 

139. Kuise of the Cercaria. 

140. The same, magnified, showing the included young. 

141. Grand nurses of the Cercaria, enclosing the young nurses. 

142. Stages of development of a jelly-fish, (jlfedwso,-) o, the embryo in 

its first stage, much magnified ; b, summit, showing the mouth; 
e,f, ff, tentacles shooting forth; e, embryo adhering, and form- 
ing a pedicle; h, i, separation into segments; d, a segment be- 
come free ; A, form of the adult. 

143. Portion of a plant-like polyp, ( Campaimhrirt ) a, the cup which 

lieara tentacles ; b, the female cup, containing eggs ; c, the cops 
in which the young are nnrsed, and from which they issue. 

144. Young of the same, with its ciliated margin, magnified. 

145. Eye of the perch, containing parasitic worms, (Distoma.) 

146. One of the worms magnified. 

147. Transformations of the canker-worm, (Geometra reitalii;) a, the 

canker worm; i, its chrysalis ; e, female moth ; <i, male moth. 

148. Metamorphoses of the duck-barnacle, (Anaiifa ;) a, eggs, magnified; 

b, the animal aa it escapes from the egg; c, the stem and eye ap- 
pearing, and the shell enclosing them ; <f, animal removed from 
the shell, and further magnified ; e,f, the mature barnacle, affiled. 

149. Metamorphoses of a star-fish, fEcMnaster eanguinolentus,} showing 

the changes of the yolk, (e,-) the formation of the pedicle, {p;) 
and the gradual change into the pentagonal and rayed form. 



Hos-..dt, Google 



Fid. 

150. Comatula, a West India epecies, in its early stage, with its stem, 

151. The same aetacbed, and swlniming free. 

162. Longitudinal eection of the sturgeon, to showits cartilaginous yer- 
tebtal eolumn. 

1S3. Amphiosus, natural size, showing its imperfect organization. 

15i. Section of the earth's crust, to show the relative positions of the 
rocks composing it ; E, plnlonic or roaasive rocks ; M, metamor- 
phio rocks ; T, trap rocks ; L, lava. 1. Lower Silurian forma- 
tion ; 2. Upper Silurian ; 3. Devonian ; 4, Carboniferous ; 5. 
Trias, or Saliferous i G. Oolitic; 7. Cretaceous ; 8. Lower Terti- 
ary or Eocene | 9. Upper Tertiary, or Miocene, and Pleiocene ; 
10. Drift. 

Ififi. Fossils of the Palfeoioio age ; a, Lingula prima \ b, Leptcena alter- 
nata ; c, Suomphalus bemisphericus ; d, TrochoUtes ammouius ; 
e, Aiicala decussata ; ^ Bucania expansa; p, Ortboceras fusi- 
forme ; i, Cyathocrinus oruatissimus. Hall ; J, Catiocrinua oma- 
tus. Say ; k, Melocrinus amphora, Goldf. ; I, Columnaria alTeo< 
lata ; m, Cyathophyllum qoadrigeminmn, Goldf. ; n, o, Caninia 
flesuosa; p, Cbteleles Ijcopetdon. 

156. Articulata of the Palicozoii! age ; a, Harpes ; b, Aiges ; e, Brontes ; 
d, Plitjnotus i e, Eurypterus remipes. 

157- Fishes of the PaliEozoic age; a, Pterichthys; 6, Coccosteus ; c, 
DipteruB ; d, palatal lione of a shark ; e, spine of a shark, 

158. Eepresentations of the tracks of supposed birds and reptiles in the 

159. Supposed outlines of Ichthyosaurus, (a,) and Plesiosaucua, (6.) 

160. Supposed outline of Pterodactyle. 

181. Sheila of the Secondary age; a, Terebritula; 6, Goniomya; c, 
Trigonia ; d, Ammonite, 

162. Supposed outline of the cuttle-fish, {a.) furnishing the Belemnite. 

163. Badiata from the Secondary age; a, Lobophyllia fiabellum ; i, Litho- 

dendron pseudostylina ; c, Pentacrinus briareua ; d, Pterocoma 

pmnata ; e, Cidaria ; /, Djsaster ; g, Nucleolites. 
I6i. Shells of the Cretaceous formation; a. Ammonites; b, Crioceras; 

c, Scaphites; d, Ancylocecas; e, Hamites; /, Baculitas; g, 

Torrilites, 
16fi. Sheila of the Cretaceous formation ; a, Magas ; b, Inoceramus ; c, 

Hippurites; d, Spondylus ; e, Pleuiotomaria. 
166. Radiata from the Cretaceous formation ; o, Diploctenium cordatum ; 

S, Marsupites; d, Galerites; c, Salenia ; e, Micrastet cor- 

anguinum. 
167 mmmulite. 

168. Supposed outline of Paleotherium. 

169, Supposed outline of Anoplothcrium, 

'70 Skeleton of the Mastodon, in the cabinet of Ki. J. C. Warren. 
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INTUODrCTION. 



E Id has a language of technical terms 

pi t If 'W th those terms every student must 

! h If f I Ij acquainted at the outset; and, first 
f II h 11 d t know the names of the objects about 

wh ! h t b g g d. 

Th m f I J in Natural History are double ; that 
ia to say, they are composed of two terms. Thus, we speak 
of the white-bear, the black-bear, the hen-hawk, the sparrow- 
hawk ; or, in strictly scientific terms, we have Fdis ho, the 
lion, Felts tigris, the tiger, Felis catus, the cat, Canis lupus, 
the wolf, Canis vulpes, the fox, Canis familiaris, the dog, 
&c. They are always in the Latin form, and consequently 
the adjective name is placed last. The first is called the 
gmeric name ; the second is called the trivial, or specific 

These two terras are inseparably associated in every 
object of which we treat. It is very important, theri.fore, 
to have a clear idea of what is meant by the terms genus and 
species ; and although the most common of all others, they 
are not the easiest to be clearly understood. The Genus ia 
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The Species is founded upon less important distinctions, 
such as color, size, proportions, sculpture, &c. Thus we 
have different kinds, or species, of duck, different species 
of squirrel, different species of monkey, &c., varying from 
each other in some trivial circumstance, while those of each 
group agree in all their general structure. The specific 
name is the lowest term to which we descend, if we except 
certain peculiarities, generally induced by some modification 
of native hahlfs, such as are seen in domestic animab. 
These are called varieties, and seldom endure beyond the 
causes which occasion them. 

Several genera which have certain traits in common are 
combined to tona a. family. Thus, the alewives, herrings, 
shad, &c,, form a family called Clupeidse ; the crows, black- 
birds, jays, &c., form the family CorvidEe. Families are 
combined to form orders, and orders form classes, and finally, 
classes are combined to form the four primary divisions, or 
departments, of the Animal Kingdom. 

For each of these groups, whether larger or smaller, we 
involuntarily picture in our minds an image, made up of the 
traits which characterize the group. This ideal image is 
called a type, a term which there will be frequent occasion 
to employ in our general remarks on the Animal Kingdom. 
This image may correspond to some one member of the 
^roup ; but it is rare that any one species embodies all our 
■deas of the class, family, or genus to which it belongs- 
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Thus, we have a general idea of a bird ; but this idea does 
not correspond to any particular bird, or any particular 
character of a bird. It is not precisely an ostrich, an owl, 
a hen, or a sparrow ; it is not because it has wings, or 
feathers, or two legs ; or because it has the power of flight, 
or builds nests. Any, or all, of these characters would not 
fully represent our idea of a bird ; and yet every one has a 
distinct idpal Dofion of 1 bird a fish a quadruped, &c. It ia 
common, however, to speak of the animal which embodies 
most fullj the characters of a group, as the type of that 
group. Thi'? we m ght pprhaps regard an eagle as the 
type of a bird the duck a"? the tjpe of a swimming-bird, and 
the mallaid as the l%pe of a duck and so on. 

As we must necessardy make frequent allusions to ani- 
mals, with reference to their systematic arrangement, it seems 
requisite to give a sketch of their elassifieatioa in as popular 
terms as may be, before entering fully upon that subject, and 
with particular reference to the diagram fronting the title- 
page. 

The Animal Kingdom consists of four great divisions, 
which wo call Depaetmekts, namely : 

I. The department of Vertebrates. 

11. The department of Articulates, 
in. The department of Mollusks. 
rV. The department of Radiates. 

I. The department of Vehtebrates includes all animals 
which have an internal skeleton, with a back-bone for its 
axis. It is divided into four classes : 



i, (animals which n 
2. Birds. 



Hos-odt, Google 



3. Reptiles. 

4. Fishes. 



The class of Mammals is subdivided into three ordora : 

a. Beasts of prey, (Carmvora-) 

b. Those which feed on vegetables, {Herbivora.) 

c. Animals of the whale kind, (Cetaceans.) 

The class of Birds is divided into four orders, namely, 
a. Perching Birds, (Insessores.) 
h. Climbers, (Scansores.) 

c. Waders, (Grallatores.) 

d. Swimmers, {Natatores.) 

The class of Reptiles is divided into five orders : 

a. Large reptiles with hollow teeth, most of whieh are 

now extinct, (RAJzoi/onfcs.) 
h. Lizards, (Lacertians.) 

c. Snakes, [Ophidians.) 

d. Tunics, {Chelonians.) 

e. Frogs and Salamanders, (BatracMans.) 

The class of Fishes is divided into four orders : 

o. Those with enamelled scales, like the gar-piko, 
{Ganoids,) Hg. 157, c. 

b. Those with the skin like shagreen, as the sharks and 

skates, {Flacoids.) 

c. Those which have the edge of the scales toothed, 

and usually with some bony rays to the fins, as the 
perch, (Ctenoids.) 
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d. Those whose scales are entire, and whose fin rays 

are soft, like the salmon, {Cycloids.) 

n. Department of Aetictjlates. Animals whose body is 
composed of rings or joints. It embraces three classes ; 

1. Insects. 

2. Crustaceans, like the crab, lobster, &c. 

3. Worms, 

The class of Ihsects includes three orders ; 

a. Those with a trunk for sucking tluids, like the butter- 
fly, (SactoHa,) fig. 62-64. 

h. Those which have jaws for dividing their food, (Man- 
ducata,) fig. 60. 

c. Those destitute of wings, like spiders, fleas, millipedes, 
&c., (Aptera.) 

The class Crustaceans may be divided as follows: 

a. Those furnished with a shield, like the crab and lob- 

ster, {Malacostraca.) 

b. Such as are not thus protected, {Entosnostraca.) 

c. An extinct race, intermediate hetween these two, 

{THlohites,) fig. 156. 

The class of Worms comprises three orders : 

a. Those which have thrcad-iike gills about the head, 

( TubulHranchiates.) 
h. Those whose gills are placed along the sides, {Dor* 

sihrancliiates.) 

e. Those who have no exterior gills, like the earth-worm 

{Abranckiates,) and also the Intestinal Worms. 
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III. The department of Molltjsks Is divided into three 
classes, namely ; 

1. Those which have arms about the mouth, hke the 

cuttle-fish, (Cephalopods,) fig. 47. 

2. Those which creep on a flattened disk or foot, hke 

snails, (Gaslcropods,) fig. 88. 

3. Those which have no distinct head, and are inclosed 

in a bivalve shell, like the clams, [Acephah.) 

The Cephalopods may be divided into 

a. The cuttle-fishes, properly so called, {TeMhideans,) 
fig. 47. 

J. Those having a shell, divided by sinuous partitions 
into numerous chambers, {^Ammonites^ fig. 164. 

c. Those having a chambered shell with simple par- 
titions, {Nautilus.) 

The Gastekopods contain four orders : 

a. The land snails which breathe air, [Pulmonafes.) 
B. The aquatic snails which breathe water, (Branch- 
ifers,) fig. SS. 

c. Those which have wing- like appendages about the 

head, for swimming, {Pteropods.) 

d. A still lower form allied to the Polyps by their gen- 
t, (RMiopods or Foraminrfera.) 



The class of Acephals contains three orders : 

a. Those having shells of two valves, (bivalves,) like the 

clam and oyster, (Lamellibranchiales.) 

b. Those having two unequal valves, and furnished with 

peculiar arms, [BracMopods.) 
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c. Mollusks living m chains or clusters, like thcSalpa, fig. 
135 ; or upon plant-like stems, like Fiustra, {Brijo- 
.oa.) 

IV. The department of Radiates is divided into three 
ilasaea : 

1. Sea-urchins, bearing spines upon the surface, (ScSiVi- 

oderms,) figs. 12, 36. 

2. Jelly-fishes, {Acalejilis,) fig. 31. 

3. Polyps, fixed like plants, and with a series of flexible 

arms around the mouth, figs. 48, 77, 143. 

The EcHiNODEEMs are divided into four orders : 

a. Sea-slugs, like bichc-Ie-mar, (HoJolhurians.) 

b. Sea-urchinSj {Echini,) fig. 26, 

c. Free star-fishes, {Asterida,) fig. 17. 

d. Star-fishes mostly attached by a stem, [Crinoids,) 

figs. 150, 151. 

The AcALEPHs include the following orders: 

a. Those furnished with vibrating hairs, by which they 

move, (Ctcnophora.) 
h. The Meduste, or common jelly-fishes, [Discoplior^s,) 

figs. 31, 142. 
c. Those provided with aerial vesicles, {Siphonophorte,) 

The class of Polyps includes two orders, 

a. The so-called fresh-water polyps, and similar marina 

forms, with lobed tentacles, {Hydroids,) fig, 143. 
h. Common polyps, like the sea-anemone and coral' 

polyp, (Actinoids,) fig. 48. 

In addition to these, there are numberless kinds of micro- 
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scopic animalcules, commonly united under the namo of 
infusory animals, (Infusoria,) from their being found specially 
abundant in water infused with vegetable matter. These 
minute beings do not, however, constitute a natural group in 
the Animal Kingdom. Indeed, a great many that were for- 
merly supposed to be animals are now found to be vegetables. 
Others are ascertained to be crustaceans, moUusUs, worms 
of microscopic size, or the earliest stages of development of 
larger species. In gencnl however they are esccedinf^ly 
minute, and exhibit pi f f m 1 1 f 

are now grouped to h d 1 1 P B 

as they are still very mp f ly I 1 Id 

ing the beautiful re h Idypblhd b 

ject, and as many of h m 1 1 ly b fi lly d b d 
among vegetables, d 1 1 1 h A 1 

Kingdom to which h y h 1 h ss d y 

special place for th m 
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PHYSIOLOGICAL ZOOLOGY. 



CHAPTER FIRST. 



1. Zoology is ihat department of Natural History which 
relates to animals. 

2. To enumerate and name the animals which are found 
on the globe, to describe their forms, and investigate their 
habits and modes of life, are the principal, but fay no means 
the only objecK of this science. Animals are worthy of our 
regard, not merely when cpnsidered as to the variety and ele- 
gance of their forms, or their adaptation to the supply of our 
wants ; but the Animal Kingdom, as a whole, has a still 
higlier signification. It is the exhibition of the divine thought, 
as carried out in one department of that grand whole which 
wo call Nature ; and considered as such, it teaches us most 
important lessons. 

3. Man, in virtue of his twofold constitution, the spiritual 
and the material, is qualified to comprehend Nature. 
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Be ng made m lh'> ^pintuai iimge of GoJ he is competent to 
rise to the conception of His plan and purp<:se in the works 
of Cieation Hiding alao a nnatenl boiy, hke that of 
othei animals he is also m a cond Hon to uadersland the 
mechaniim of organs and to appreciate the necpss ties of 
matter as well is the influence which it everts o\er the in 
tellectual element throughout the doma ii of Nature 

4 The spirit and preparation we bring to the study of 
Nature 1^1 matter of no little conseq icnce 'When we would 
study w th profit a work of I terature, we first endeaior to 
make ourselves acquainted with the genus of the author, 
and 111 order to know what end he had in view, we must 
have regard to his previous labors, and to the circumstances 
under which the work was e\ecuted Without this, although 
we may perhaps enpy its perfection as a whole and ad 
miethe beauty of it* detals,jet the spirit which per\ades 
it w ill escape us, and many passages may even remain un 
int lligible 

5 So, in the study of Nature, we may be astonished at 
the mfiuite -variety of her products we may even study 
some portion of her works with entliusiasm, and neverthe 
less lemain strangers to the spirit of the wl ole, ignorant of 
the phn on which it 19 based, and fal to acqu re a proper 
conception of the laricl affmlie'! whirl- qq ih ne be ngs 
toselher, so as to mike of them that vise picture in which 
each animal eaeh plant each group each class, has its 
place, and from which nothing could bo removed without 
des loying the proper meaning of the whole 

6 Besides the beings which inhabit the ear'h at the pres 
ent time, this picture also embi aces the extinct raccswhci 
aie now knoun to us by their fossl remains only And 
these aie of the greatest impor'ance since they furn ah us 
with tie means of iiceitamng the changes and modihc^ 
tions which the Ai n il Kingt'tm hi" un ier_on n ll e 
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ICO the first appearance of living 

7. It i3 but a short time since it was not dil!icult for a 
man to possess himself of the whole domain of positive 
koowledge in Zoology. A century ago, tho number of 
known animals did not exceed 8000 ; that is to say, from 
the whole Animal Kingdom, fewer species were then 
known than ave now contained in many private collections 
of certain families of insects merely. At the present 
day, the number of living species which have been satisfac- 
torily made out and described, is more than 50,000.* The 
fossils already described exceed 6000 species ; and if we 

About 1900 species of mammals are ptettj precisely known, and tlie num- 
ber may probably be carried to about 2000. 

The number of Birds well known is i or 6000 speeies, and tie probable 
nomber is 6O00. 

Tlie Kcptiles number about the some as tbe Mammals, 1500 described 
apecies. and they Till probohly reach the number of 2000. 

The Fishes are more numerous ; there are Irom 5 to 6000 species in the 
museumsofEurope.and the number may probably amount to 8 or 10,000. 

Tho number of Mollusks already in collections probably reaeliea 8 or 
10,000. There are collections of marine shells, biTalve and univalve, which 
amount to 5 or 6000 ; and collections of land and fluviatilc shells, which 
count as many as 2000. Tho total number of mollusks would, therefore, 
probably exceed 1 "H species. 

Among the artieuiatod animals it is difficult to estimate the number of 
species. There are collectionaof coleopterous insects which number 20 to 
25,000 apecies ; and it is quite probable, that by uniting the principal col- 
leotions of insects, 60 or 80,000 species might now be counted ; f^r the 
nhole department of articulata, comprising the Crustacea, the eirthipeda, 
the insects, the red-blooded worms, the intestinal worms, and the infuso- 
ria BO far as they belong to this department, the number would already 
amount to 100,000; and we might safely compute the probable number of 
speeies actually existing at double that sum. 

Add to these about 10,000 for radiata, including echini, star-fishes, me- 
dusa!, and polypi, and we have aboat 250, 000 species of living animals ; and 
supposing tho number of fossil species only to equal them, we haye, at a 
very moderate computation, half a million of species. 
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con=idv; that wherever any one slratum of the earth haa 
been «ell explored, the number of species discovered has 
not fallen below that of the living species wbich now inhabit 
any particular locality of equal extent, and then bear in 
mind that there is a great number of geological strata, we 
may anticipate the day when the ascertained fossil species 
will far exceed the living species.* 

8. These numbers, far from discouraging, should, on tho 
contrary, encourage those who study Natural History. 
Each new species is, in some respects, a radiating point 
which throws adiJitional liglit on all around it ; so that, as 
the picture is enlarged, it at the same time becomes more 
intelligible to those who are competent to seize lis promi- 
nent traits. 

9. To give a detailed account of each and all of these 
animals, and to show their relations to eacli other, is the 
task of the Naturalist. The number and extent of the vol- 
umes already publlsbed upon the various departments of 
Natural History show, that only a mere outline of a domain 
so vast could be fully sketched ia an elementary work, and 
that none but those who make it their special study can be 
expected to survey its individual parts. 

10. Every well-educated person, however, is expected to 
Lave a general acquaintance with the great natural phe- 
nomena constantly displayed before his eyes. There is a 
general knowledge of man and the subordinate animalst 
embracing their structure, races, habits, distribution, mutual 
relations, &c., which is not only calculated lo conduce es- 

• In a Beparate work, entitled " Nomeiiclalor ZoDlogtcas," l)y L. Ag*9- 
Biz, the principles of nomenclature are diecusaed, and a list of the namea 
of genera and faniiUes proposed by aathots is given. To this work those 
ire referred who may desire to become more familiar with nomenclature, 
mdto know in detail the genera and families in each olaaa of the Animal 
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Bentially lo our hippin =;'< but wh ch t would bp qu te nex 
cusable to neglect Th s general view of Zoolog\, t is the 
purpose of this work to ifford 

11. A sketch of th s nature should render prominent the 
more general features of animil hie, and delineate the ar 
rangeraent of the species according to their moat natural 
relations and their rank in the s(.ale of being thus g vmg 
a panorama as it were, of the entire Animal Kingdom 
To aaiomphsh this, we are at once involved in the question, 
What is it that gives an animal precedence in rank ? 

12. In one sense, all animals are equally perfect. Each 
species has its definite sphere of action, whether more or 
less extended, — its own peculiar office in the economy of 
nature ; and a complete adaptation to fulfil all the purposes 
of its creation, beyond the possibility of improvement. In 
this sense, every animal is perfect. But there is a wide 
difference among them, in respect to their organization. In 
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ulty ol i>ercsivin|f light, without the power of distinguishing 
objects. Tlie keen eye of the bird, on the contrary, dis- 
cerns minute objects it a great distance and when compared 



ferent uses. Analog;/, on the contrary, indicates the simi- 
larity of purposes or funciions performed by organs of dif- 
ferent structure. 

17. Thus, there is an anulogy between the wing of a bird 
and that of a butterfly, since both of them serve for flight. 
But there is no affinity between them, since, as we shall 
hereafter see, they difler totally in fheir anatomical relation's. 
On the other hand, there is an afiioity between the bird's 
wing and the hand of a monliey ; since, although they ser\e 
for different purposes, the one for flight, and the other 
for climbing, tbey are both constructed on the same plan. 
Accordingly, the bird is more nearly allied to the monkey 
than to the butterfly, though they both have in common 
the faculty of flight. Affinities, and not analogies, theiefore, 
must g-iide us in the arrangement of animals, 
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18. Our invesfigat ons should not bp iiiiiited to adult 
aaimals, but should also include the changes which they 
undergo during the whole course of iheir development. 
Otherwise, we shall be liable to e\agnente the importance 
of certain peculianliea of structure whi<"h have ifrodomi- 
nant character in the full-grown animal, but whicti are shaded 
off, and vanish, as we revert to the earlier periods of life. 

19. Thus, for example, by regarding only adult individu- 
als, we might be induced to divide all animals into two 
groups, according to their mode of respiration ; uniting, on 
the one hand, all those which breathe by gills, and, on the 
other, those vifhich breathe by lungs. But this distinction 
loses ils importance, when we consider that various animals, 
for example, frogs, which respire by lungs in the adult 
state, have only gills when young. It is thence evident thai 
the respiratory organs cannot be taken as a satisfactorj 
basis of our fundamental classification. They are, as we 
shall see, subordinate to a more important system, namely, 
the nervous system. 

20. Again, we have a means of appreciating the relative 
grade of animals by (he comparative study of their devel- 
opment. It is evident that the caterpillar, in becoming a 
butterfly, passes from a lower to a higher state. Clearly, 
therefore, animals resembling the caterpillar, the worms, for 
instance, must occupy a lower rank than those approaching 
the butterfly, like most insects. There is no animal which 
does not undergo a series of changes similar to those of t!ie 
caterpillar or the chicken ; only, in many of them, the most 
important ones occur before birth, during what is called the 
embryonic period. 

21. The life of the chicken has not just commenced when 
it issues from the egg ; for if we break the egg some days 
previous to the time of hatching, we find in it a living ani- 
mal, which, although imperfect, is nevertheless a chicken : 
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it has beea developed from a hen's egg, and i f k o v that 
should it continue to live, it would infallibly d splay all 1 o 
characteristics of the parent bird. Now, if there ex s ed 
Nature an adult bird as imperfectly organized as the cl cken 
on the day, or the day before it was hatched ve s! o Jd 
assign to it an inferior rank. 

22. In studying the embryonic slates of the molluslts or 
worms, we observe in them points of resemblance to many 
animals of a lower grade, to which they at length be- 
conY3 entirely dissimilar. For example, the myriads of 
minute aquatic animals embraced under the name of Infu- 
soria, generally very simple in tiieir organization, remind 
us of the embryonic forms of other animals. We shall have 
occasion to show that the Infusoria are not to be considered 
as a distinct class of animals, but that among them are found 
members of all the lower classes of animals, mollusks, 
crustaceans, worms, &c. ; and many of thera are even found 
to belong to the Vegetable Kingdom. 

23. Not less striking are the relations that exist between 
animals and the regions they inhabit. Every animal has its 
home. Animals of the cold regions are not the same as 
those of temperate c 
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25. Nor are our researclies to be limited to the animals 
now living. There arc buried in the crust of the earlh the 
remains of a great number of animals belonging to species 
which do not esist at the present day. Many of these 
remains present forms so extraordinary that it is almost im- 
possible to trace their alliance with any animal now 
living. In general, they bear a striking analogy to the em- 
bryonic forms of existing species. For example, the curi- 
ous fossils known under the name of Trllobites {Fig. 156) 
have a shape so singular that it might weli be doubted to 
what group of articulated animals they belong. But if we 
compare them with the embryo crab, we find so remarkable 
a resemblance that we do not h^itale to refer thom to the 
crustaceans. We shall also see that some of the Fishes 
of ancient epochs present sh*»pcs altoifpther peculiar to them 
selves, (Fig ) 
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view should never be lost siglit of, nor disconnecled, namely, 
the animal in respect to its own organism, and the animal 
in its relations to creation as a whole. By adopting too 
exclusively either of these points of view, we are in danger 
of falling either into gross materialism, or into vague and 
profitless pantheism. He who beholds in Nature nothing 
besides organs and their functions, may persuade himself 
that the aaimal is merely a combination of chemical and 
mechanical actions and reactions, and thus becomes a mate- 

28. On the contrary, he who considers only the manifes- 
tations of intelligence and of creative will, without taking 
into account the means by which they are executed, and the 
physical laws by virtue of which all beings preserve their 
characteristics, will be very likely lo confound the Creator 
with the creature. 

29. It is only as it contemplates, at the same time, matter 
and mind, that Natural History rises to its true character 
and dignity, and leads to its worthiest end, by indicating to 
us, in Creation, the execution of a plan fully matured in the 
beginning, and undevialingly pursued ; tlie work of a God 
infinitely wise, regjlatiug Nature according to immutable 
laws, which He ha? himself imposed on her. 
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CHAPTER SECOND. 

GENERAL PEOPEHTIES OF ORGANIZED BODIES. 



OHGAKIZED ANX) UNORGANIZED BODIES. 

30 Natural History, in ifs broadest sense, embraceB 
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the tree, the blood flows through the animal, and in both 
there is, besides, the incessant movement of growth, decom- 
position, and renovation. 

33. Their mode of formation is also entirely different 
Unorganized bodies are either simple or made up of ele- 
ments unlike themselves ; and when a mineral is en- 
larged, it is simply by the outward addition of particles 
1 like itself. Organized bodies are not formLd 
They always, and necessarily, aie denied 
1 h 1 nd once formed, they 

ly '>y 
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35. The exercise of the functions of life, which \s the 
essential characteristic of organized bodies, (32,) requires a 
degree of flexibility of the organs. Tbis is securci' 
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tratos all parts of ihe body, and forms one of its principal 
constituents. 

36. All living bodies, without exception, aro made up of 
tissues so constructed as to be permeable to liquids. There 
is no part of the body, no organ, however hard and compact 
it may appear, which has not this peculiar structure. It ex- 
ists in the bones of animals, as well as in their flesh and fat ; 
in the wood, however solid, as well as in tKe bark and flowers 
of plants. It is to this general structure that the term ar^ 
ganism is now applied. Hence the collective name of 
organised beings,* which includes both the animal and the 
vegetable kingdoms. 

37. The vegetable tissues and most of the organic struc- 
tures, when examined by the microscope 
in their early states of growth, are found 
to be composed of hollow vesicles or cells. ( 
The natural form of the cells is that of a 
sphere or of an ellipsoid, as may be easily 
seen in many plants ; for example, in 
tissue of the house-leek, (Fig. 1.) The 
intervals which sometimes separate them Fig. 1. 
from each other are called intercellular passages or spaces 
(m.) When the cellules are very numerous, and crowd 
each other, their outlines become angular, and the intercel- 
lular spaces disappear, as seen in figure 2, which represents 



• Formerly, animals and planla were add to be organised, because they 
are furnished with, definite parts, called orffans, which esecute purticulai 
functioHE. Thus, animals have a stomach, a heart, lunga, &c. \ plants 
have leaTea, petals, stamens, pistils, roota, S:e., which are indiapensable 
to the maintenance of life and the perpetuation of the species. Since 
the diacorerf of the fundamental identity of structure of animal and 
y^n-i^'-iWe tissues, a common denomination for this uniformity of texture 
has lieen justly preferred; and (he esiatencB of tissucB is now regarded 
as the basis of organization. 




Hos-odt, Google 



38 ILEMENTARY STRTJCTtJRE OF ORGANIZED I 

the pith of the elder. They then 
have the form of a honey-comb ; 
whence they have derived their . 
name of cellules. 

38. All the organic tissoea, whether 
animal or vegetable, originate from 
cells. The cell is lo the organ- Fig. 2. 

ized body what the pr mary form of the cryslal is Ic 
secondary, in mmerals As a general fact, it may be si 
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cells, the intercellular spaces being filled with n 
pact substance, called the hyaline maltti Fig 
sents a slip of cartilage from the horse, under 
a. magnifying power of one hundred and tweo 
ty diameters. 

43. The osseous or bony tissue differs from 
the cartilaginous tissue, in having its meshes 
filled with salts of lime, instead of hyahne sub 
stance, whence its compact and solid appear- 
ance. It contains, besides, minute, rounded, 
or star-like points, improperly called bone- 
corpuscles, which are found to he cavities or 
canals, sometimes radiated and branched, as 
is seen in figure 5, representing a section of a 
honeof ahorse, magnified four hundred times. 

44. The muscular tissue, which forms the fiesh of ani- 
mals, is composed of bundles of parallel fibres, which pos- 
sess the peculiar property of contracting or shortening them- 
selves, under the influence of the nerves. In the muscles 
under the control of the will, the fibres are commonly 
crossed by very fine lines or wrinkles ; but not so in the 
involuntary muscles. Every one is sufficiently familiar with 
this tissue, in the form of lean meat. 

45. The nervous tissue is of different kinds. In (he 

nerves proper, it Is composed of 

Hvery delicate fibres, which return 
back at their extremities, and 
they terminate in the skin of a 
liog The same fibrous structure 
fig. 6. '3 futnid m the while portion of the brain. But 
the gray substance of the brain is composed of 
very minute granulations, interspersed with clusters of larger 
cells, as seen in figure 7. 



Fig- 7. 
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40 ELEMENTARY STRDCTDEE OF OB&ANIZED BODIES. 

46 The ti=';ues abo\e enumerated d ffcr tiom e-ich other 
more w dely, in proportion a9 thty are eiaminel in animals 
of a higher rank As Me descend in the si ale of being, 
the diftererices become griduilly efficed The soft body 
of a snail is much more uniform m its composition thin 
the bod> of a bird or a quadruped Indeed, multitudeg 
of animals are Lnown to be made up of nothing but oells 
in contact with each other Such is the case \nlh tho 
poljpa, jet they contr'ict, 'jpcrete, absorb, and rtpro 
duce, and most of the Infusoria laove freely, bj means ol 
little fringes on their surfao-j arismg from a pecul ar kind 
of cells 

47 A no less remarkable uniformitv of structure is lo be 
obseived in the higher acimals m the earlier periods of 
the r existence, before the body has arrived at its definite 
form The bead of the adult ^lahjOn, for instance, con 
lama nit onlj a!i the tisiiies we have mentioned, namely, 

bone cartilHge,muscle, nerve, brain, 
ind membianes, but also bloodves 
sels, glands, pigments, &,c Let 
us, however, e«imine it duimg the 
embryonic state, wh le it is yet m 
Fg s tlieegg andive find that the whole 

head is made up ot cells which differ merelj m their dimen- 
sions; thoseatthe topof the head being very small, those sur- 
rounding the eye a little larger, and those beneath being still 
larger, {Fig. 8.) It is only at a later period, after still further 
development, that these cellules become transformed, some 
of them into bone, others into blood, others into flesh, &c. 

48. Again : the growth of tho body, the introduction of 
various tissues, the change of form and structure proceed in 
such a manner as to give rise to several cauties, \aiiously 
combined among themselves, ani each conta mng at the 
end of these transformations, peeu' ar organ or pei,uliar 
systems of oi^ans. 
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SECTION IIL 
DIFFEKEMCES BETWEEN ANIMALS AND PLANTS. 

49, At first glance, nothing would seem more widely 
differeDt than animals and planis. What is there in com- 
mon, for instance, between an oak or an elm, and the bird 
which seeks shelter amid their foliage ? 

50. Tiie differences are usually so obvious, that this 
question would be superfluous if applied only to the higher 
forms of the two kingdoms. But this contrast diminishes, 
in proportion as their structure is simplified ; and as we 
descend to the lower forms, the distinctions are so few 
and so feebly characlerized, that it becomes at length dif- 
ficult to pronounce whether the object we have before us is 
an animal or a plant. Thus, the sponges have so great a 
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42 DIFPESEMCES BETWEEN ANIMALS AND PLANTS. 

lodge); in these cavities, is a peculiarity belonging to animals 
only. In plants, the organs designed for special purposes 
are never embodied into one mass, but are distributed over 
various parts of the individual. Thus, the leaves, which 
answer to the lungs, instead of being condensed into one 
organ, are scattered independently in countless numbers over 
the branches. Nor is there any organ corresponding to the 
brain, the heart, the liver, or the stomach. 

54. Moreover, the presence of a proper dii^cstivo cavity 
involves marked difTerences between the two k d 
respect to alimentation or the use of food. In pi h 

fluids absorbed by the roots are carried, througl h k 

and all the branches, to the whole plant, befo 1 y e 

at the leaves, where they are to be digested In 1 

on the contrary the food is at once received in h d 
tive cavity ra h 
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CHAPTER THIRD. 

FUNCTIONS AND OKGANS OF ANIMAL LIFB, 



59. LiFt m ammah, is mamfefttd Lj two 
lions, via. First, the peculiar functions of a) 
those of relation, which include the functions 
and voluntary motion , those which enable us 
a d p f II b " d 1 V 
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animal life, and those of vegetative life, spring flora very distinct layers 
of the embryonic membrane. The first arc developed from the upper 
lajer, and the second from the lower layer of the germ of the animal. 
Bee Cliapler on Embryology, p. 113, 
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45 



form, the arrangement, and the vol- 
system 



61. Greatly : 
umc of thc'i 

vary in different animals, 
they may all be reduced to 
four principal types, which 
correspond, moreover, to the 
four great departments of the ' 
Aniraal Kingdom, In the , 
verlebrafe animals, namely, 
the fishes, reptiles, birds, and 
mammals, the nervous sys- 
tem is composed of two prin- 
cipal masses, the spinal mar- 
row, (Fig. 9, c,} which runs 
along the back, and the 
brain, contained within the 
skull.* The volume of the 
brain is proportionally larger 
as the animal occupies a 
more elevated rank in the 
scale of being. Man, who 
stands at the head of Crea- 
tion, is in this respect also the 
most highly endowed being. fig. 9. 

62. With the brain and spinal marrow are connected the 
nerves, which are distributed, in the form of branching 
threads, through every part of the body. The branches 
which unite with the brain are twelve pairs, called the cere- 




* The brain Is composed of seyera! distinct parts which Tarj gre; 
tlieir relatiTe proportions, in different animals, as will appear hei 
They ate — 1. Tha meduUa oblongata; 2. Cereheilum; 3. Optie 
t. Cerebral hemispheres ; 5. Olfactorj' lobes ; 6. the pituitary be 
Ihs pineal body. (See figufES 9 and 21.) The spinal marrow is m 
by the union of four nervous columns. 
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iesigned chiefly for the organs of 
sense located in the head. Those which join the spinal 
mavrow are also in pairs, one pair for each vertebra or 
joint of the liack. Tlie number of pairs varies, therefore, in 
different classes and fomilies, according to the number of 
vertebrae. Each nerve is double, in fact, being coniposed 
of two threads, which at their junction with the spinal mar- 
row are separate, and afterwards accompany each other 
throughout their whole course. The anterior thread trans- 
mits the commands of the will which induce motion ; the 
other receives and conveys impressions to the brain, to pro- 
duce sensations 

63 In the Articul ited T.nima!a, comprising the crabs, 
b irnacles, worms, spi- 
ders, insects, and oth- 
ei inimals formed of 

Fig, lu, tem consists of a se- 

ries of small centres or swellings, called ganglions, (Fig. 10,) 
placed beneath the alimentary canal, on the floor of the gen- 
eral cavity of the body, and connected by threads ; and of a 
more considerable mass placed above the (esophagus or 
throat, connected with the lower ganglions by threads which 
form a collar around the alimentary canal. The number of 
number of rings, 
the nervous system con- 
sists of a single ganglionic 
circle, the principal swell- 
ings of which are placed 
symmetrically above and 
below the tesojibagus, and 
from whence the filaments, 
which supply the organs 
igin. 




Hos-odt, Google 



SYSTLSI AND GENERAL ^SHSATIOH. 



4T 




65 In Iho Iladuta (Fi^f 12 ) the 
ducel to a single iing encoding 
the mouth ind giving off threads 
towirds the cirLumference It dif 
fers esaenliallv from that of the ^ 
Mollusks bj being dispo-jed i 
horizoQtal po^ilioo and by its ' 
liXt fotm 

C6 The ncrvea bianch otT acd 
diffuse sciiaibihtv to e\erj poition 
of the body, and thereby men and ^'S ^' 

the higher animils are enibkd to gain a knowledge of the 
general properties of theobjt ts HliiLh surround them eiery 
point of the body bein^ mido cnpable of determining whether 
an object is hot or cold, drj or rauist, hard or spft,,iSic, "There 
are some parts, however, the ends of the fingers, for exam- 
ple, in which lliia aensiblUiy is especially acute, and these 
also receive a larger supply of nerves. 

67. On the contrary, those parts which are destitute cf 
sensibility, such as the feathers of birds, the wool of ani- 
mals, or t!ie hair of man, are likewise destitute of nerved. 
But tlie conclusive proof that sensibility resides in the nerves 
is, that when the nerve which supplies any member of the 
body is severed, that member at once becomes insensible. 

68. There are animals in which the faculty of percep- 
tion is limited to this general sense ; but their number is 
small, and, in general, they occupy the lowest place in the 
series. Most animals, in additicn to the general sensib litj , 
are endowed wilh peculiar organs for certain k nds of per 
ceptions, which are acted upon by certain kinds of s,t muli 
as light, sound and odor, and which are called the sen'jes 
Thesa are live in number, namely: sight, hearttg, smeU 
taste, and touch. 
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SECTION 11. 

OF THE SPECIAL SEKSES. 
1. Of Sight. 

69, Sight is (he sense by which light is perceived, and 
by means of which the outlines, dimensions, relative posi- 
tion, color and brilliancy of objects are discerned. Some 
of these properties may be also ascertained, though in a less 
perfect manner, by the sense of touch. We may obtain an 
idea of the size and shape of an object, by handling it ; but 
the properties that have a relation to light, such as color and 
brilliancy, and also the form and size of bodies that arc be- 
yond our reach, can be recognized by sight only. 

70, The EYE is the organ of vision. The number, struc- 
ture, and position of the eyes in the body is considerably 
varied in the different classes. But whatever may be their 
position, th 11 the higher animals arc in connec- 
tion with p n called the optic nerves, (Fig. 13, 
a.) In tl la hese are the second pair of the cer- 
s!;v\l i.i'rv s a d a d ctlj fiom the middle mass of the 
bntii:, .Ti'ig 21 J) h h n the embryo is the most con 
^l.-!Prab..> fall 

71, Ihroughout the whole sf es of vertebrate an mals, 
the e^es re onlj two m num 
bcr and occupy bony civ ties 
of tl o skull called fl e orhls 
Vhf organ is a globe or hoUow 
sphere formed bj three pr nci 
pal membranes, enclosed one 
within the other, and filled with 
transparent matter. Figure 13 
represents a vertical section 
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through the eye, from before backwards, and will give OD 
dea of the relative position of these different parts. 

73. The outer coat is called the sclerotic, (t> ;) it ia a 
thick, firm, white membrane, having its anterior portion 
transparent. Th's transparent segment, whick seems set in 
the opaque portion, like a watch-glass in its rim, is called the 

73. The inside of the sclerotic is lined by a thin, dark- 
colored membrane, the chondd, (c.) It becomes detached 
from the sclerotic when it reaches the edge of the cornea, 
and forms a curtain behind it. This curtain gives to the eye 
its peculiar color, and ia called the iris, (g.) The iris read- 
ily contracts and dilates, so as to enlarge or diminish an open- 
ing at its centre, the pupil, according as more or less light 
is desired. Sometimes the pupil is circular, as in man, the 
dog, the monkey ; sometimes in the form of a vertical ellipse, 
as in the cat ; or it ia elongated sidewise, as in the sheep. 

74. The third membrane is the retina, (d.) It is formed 
by the optic nerve, which enters the back part of the eye, by 
an opening through both the sclerotic and choroid coats, and 
expands upon the interior into a whitish and most delicate 
membrane. It is upon the retina that the images of ohjecia 
are received, and produce impressions, which are conveyed 
by the nerve to the brain. 

75. The fluids which occupy the cavity of the eye are of 
different densities. Behind, and directly opposite to the pupil, 
is placed a spheroidal body, called the crystalline lem, (e.) 
It is tolerably firm, perfectly transparent, and composed of 
layers of unequal density, the interior being always more 
compact than the exterior. Its form varies in diflerenl classes 
of animals. In general, it is more convex in aquatic than in 
land animals ; whilst with the cornea it is directly the con- 
trary, being flat in the former, and convex in the latter. 

76. By means of the iris, the cavity, {i,) in front of the crys- 
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talline lens is divided into two compannients, called Jie an 
terior and posterior chambers. Tho fluid which fills these 
chambers is a clear watery liquid, called the aqueous humor. 
The portion of the globe behind the lens, which is much the 
largest, is filled by a gelatinous liquid, perfectly transparent, 
like that of the chambers, but somewhat more dense. This 
is called the vitreous humor, (h.) 

Ti. The object of this apparatus is to receive the raya of 
light, which diverge from all points of bodies placed before 
it, and to bring them again to a point upon the retina. It is 
a well-known fact, that when a ray of light passes obliquely 
from one medium to another of different density, it will be 
refracted or turned out of its course more or less, according 
to the difference of this density, and the obliquity at which 
the ray strikes the surface. This may be illustrated by the 
following figure, {Fig. 14.) 




The ray a c, which strikes the cornea A B perpendicularly, 
continues without deviation, until it reaches the bottom of 
the eye at c. But the rays a m and a m, which strike the eye 
obliquely, change their direction, and instead of proceeding 
onward \am g and n rf, take the direction m i and n f. A 
stili further refraction, though less considerable, is occasioned 
by passing through the crystalline lens C D, and the vitreous 
humor, so that the two rays, m i and nf, will at last meet in 
a point. This point is called tliO focus, (c,) and in distinct 
vision is always precisely at the retina, E F. 

78. From this arrangement, the image found upon the 
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retina will be inverlcd. We may satisfy ourselves i,f thia 
by direct observation. The eye of the while rabbit being 
destitute of the black pigment of lie choroid, is quite trans- 
parent. Take the eye, soon after the death of the animal, 
and arrange it in one end of a tube, so that the cornea will 
face outwards ; then if we look in at the other end of 
the tube, we may see objects to which it is directed exactly 
pictured upon the retina, but in a reversed position. 

79. The mechanical structure of the eye may be per- 
fectly imitated by art. Indeed, the camera obscura is an 
instrument constructed on the very same plan. By it, exter- 
nal objects are pictured upon a screen, placed at the bottom 
of the iastrument, behind a magnifying lens. The screen 
represents the retina ; the dark walls of the instrument 
represent the choroid ; and the cornea, the crystalline lens 
and the vitreous humor combined, are represented by the 
magnifying lens. But there is this important difference, thai 
the eye has the power of changing its form, and of adapt- 
ing itself so as to discern with equal precision very remote, 
as well as very near, objects, 

80. By means of muscles which are attached to the ball, 
the ejes miy be rolled m etecy d rection, so as to view oh 
jeeta on all s des, without movmg the head Tleeses are 
usually protected by lids, which are two in the mammals, 
and generally furni'fhed with i r^nge of hair^ at their edges, 
called ei/e lashes Bird's ha^ e a third lid, wh ch is i ertical , 
this IS al'JO found in most of the reptiles and a few mam 
mal'J In fishe*!, the lids ire wanting or immovable 

HI The eye constructed as above descnbed is cilled a 
simple eye, ind belongs more especiallj to the vertebrate 
animils In man, it '»mies at its higheaf perfection In 
him, the Lje aho performs a more esalled oftce than meio 
vision It IS a mirror, in which the inner man is leflecled 
His passions his 30}s, andhis sorrows his inmost ^e If, are 
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placed upon the aides of the head. 

83. The snail and kindred animals have, in like manner, 
only two eyes, mounted on the tip 

. long stalk, (the tentacle,) or 
ted at its base, or on a short 
) pedestal by its side. Their struc- 
s perfect than in the cultle- 
Fjg. 15, fish, but still there is a crystalline lens, 

and more or less distinct traces of the vitreous body. Some 
bivalve mollusks, the scollops for example, have likewise 
ti crystalline lens, but instead of two eyes, ihey are furnished 
with numerous eye-spots, which are arranged like a border 
iround the lower margin of the anima!. 

84. In spiders, the eyes are likewise simple, and usually 
eight in number. These 
little organs, usually called 

I ocelli, instead of being 
placed on the sides of 
; body or of the head, 
occupy the anterior part 
of the back. All the essen- 
Pig- 16, tial parts of a simple eye, 

ihe cornea, the crystalline lens, the vitreous hody, are found in 
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87. In al! the above-mentioned animals, the eyes, what- 
ever tbeir number, are apart from each other. But there ia 
still another type of simple eyes, known as aggregate eyes. 
In some of the millipedes, the pill-bugs, for instance, the eyes 
are collected into groups, like those of spiders ; each eye 
inclosing a crystalline lens and a vitreous body, surrounded 
by a retina and choroid. Such eyes consequently form a 
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t, to which 



natural transition to the compound eyes of ii 
we now give our attention. 

88. Compound eyes have the same general form as 
simple eyes ; they are placed either on the sides of the head, 
as in insects, or supported on pedestals, as in the crabs. 
But if we examine an eye of this kind by a magnifying lens, 
we find its surface to be composed of an infinite number of 
angular, usually sis-sided faces. If these fa^etfes are re- 
moved, we find beneath a corresponding number of cones, (c,) 
side by side, five or six times as long as they are broad, 
and arranged like rays around the optic nerve, from 
which each one receives a little filament, so as to 
present, according to Miiller, the following disposition, 
(Fig. 18.) The cones are per- 
fectly transparent, but sepa- 
from each other by 
walls of pigment, in such a 
manner that only those rays 
which are parallel to the 
i reach the retina A ; 
all those which enter ob- 
liquely are lost ; so that of 
all the rays which proceed 
from the points a and S, only the central ones in each 
pencil will act upon the optic nerve, (d ;) the others will 
strike against the walls of the cones. To compensate 
for the disadvantage of such an arrangement, and for the 
want of motion, the number of fajettes is greatly multi- 
plied, so that no less than 25,000 have been counted in 
a single eye. The image on the retina, in this case, may 
be compared to a mosaic, composed of a great number of 
small images, each of them representing a portion of the 
figure. The entire picture is, of course, more perfect, 
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ID proportion as the pieces are smaller and more nu- 
merous. 

89. Compound eyes are destitute of tlie optical apparatus 
necessary to concentrate the rays of light, and cannot adapt 
themselves to the distance of objects ; they see at a certain 
distance, but cannot look at pleasure. The perfection of 
their sight depends on the number of fafeltes or cones, 
and the manner in which they are placed. Their field of 
vision is wide, when the eye is prominent ; it is very limited, 
on the contrary, when the eye is flat. Thus the dragon-flies, 
on account of the great prominency of their eyes, see equally 
well in all directions, before, behind, or laterally ; whilst 
the water-bugs, which have the eyes nearly on a level with 
the head, can see to only a very short distance before them. 

90. If there be animals destitute of eye=, they are either 
of a very mferu.r nnk such as most of the polypi or else 
ihey are animals which Ive under unusual circumslan 
CCS such as the mleetinal worms E\en among the \er 
tebntes, theie are some that lack the faculty of «ight, as 
the Mt/xine glutinosa, which has merely a rudimentary eje 
concealed under the skm, and destitute of a crj stallme lens 
Others which live in darkness, have not even rudimentary 
ejes,as, for example that carious fish {Amblyopsis speJceus ) 
whn,h lives in the Mammoth Ca\e and which appears to 
want c^en the orbital cavity The craw fishts, [\stacus 
pellucxlvs) of ihs same ca^e, are also bhnd having 
mtrelv the pedicle for the e>es without any tracer of 
fa ctles 



91. To hear, is to perceive sounds. The faculty of per- 
ceiving sounds is sealed in a peculiar apparatus, the Ear, 
which is constructed with a view to collect and augment the 
5 vibrations of the atmosphere, and convey them to 
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the acoustic or auditory nerve, which arises from the poste- 
rior part of the brain. (Fig. 21, c.) 

92. The ears never exceed two in number, and are 
placed, in all the vertebrates, at the hinder part of the head. 
In a large proportion of animals, as the dog, horse, rabbit, 
and most of the mammals, the external parts of the ear 
are generally quite conspicuous ; and as they are, at the 
same time, quite movable, they become one of the promi- 
nent features of physiognomy. 

93. These externa! appendages, however, do not consti- 
tute the organ of hearing, properly speaking. The true seat 
of hearing is deeper, quite in the interior of the head. It is 
ustially a very complicated apparatus, especially in the supe- 
rior animals. In mammals it is composed of three parts, the 
external ear, the middle ear, and the internal ear ; and its 
structure is as follows : (Fig. 19.) 




Fig. 19. 
1. The external ear, which is popularly regarded as th& 
consists of the conch, (a,) and the canal which leads 
I it the external audilori/ passage, (i.) The first is a 
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gi> 



( ) se ra ly as g 

( ) 




(F 
tncus, ( I,) stapei,, (»,) and os orhcu 
lore, (o;) which are articulated to- 
gether, so as to form a continuous 
chain,ashere represented, magnified, 

96. The internal ear, which is ^■'^■"■' 

also denominated the labyrinth, is an irregular cavity formed 
in the most solid part of the temporal bone, beyond the 
chamber of the middle ear, from which it is sepaialed by a 
bony partition, which is perforated by two small holes, called, 
from their form, the round and the oval apertures, the fora- 
men rotundum, (Fig. 19, g,) and the foramen ovale,{k.) The 
first is closed by a membrane, similar to that of the tj-npa- 
nura, while the latter is closed by the stapes, one of the little 
bones n the chamber. 
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97. Three parts a;e to be distinguished in the labyrinth, 
Damely, the vesHhule, which is the part at the entrance of the 
cavity ; (he semicircular canals, (d,) which occupy its upper 
part, in the form of three arched tubes ; and the cochlea, 
which is a narrow canal placed beneath, at the lower part 
of the vestibule, having exactly the form of a snail-shell, (e.) 
The entire labyrinth ia filled with a watery fluid, in which 
membranous sacs or pouches float. Within these sacs, the 
auditory oerve (/) terminates. These pouches, therefore, 
are the actual seat of hearing, and the most essential parts 
of the ear. The auditory nerve is admitted lo them by a 
long passage, the internal auditory canal. 

98. By this mechanism, the vibrations of the air are first 
collected by the external ear, whence they are conveyed 
along the auditory passage, at (he bottom of which is the 
tympanum. The tympanum, by its delicate elasticity, aug- 
ments the vibrations, and transmits them to the internal ear, 
partly by means of the little bones in the chamber, which are 
disposed in such a manner that the stapes exactly fits the oval 
aperture, {foramen ovale;) and partly by means of the air 
which strikes the membrane covering the round aperture, (g,) 
and p odu s bra ions there, corresponding to those of the 
lynpan Af r all these modilications, the sonorous 
vibra a i arrive at the labyrinth and the auditory 
ne e 11 ran mits the imp a o 1 brain. 

91 Bu 1 me hanism of hea n s n o complicated 
in all classes of animals, and f und b more and more 
simplified as we descend the s n In b ds, the middle 
nnd interior ears are construe d n he m plans as in the 
mammals ; bat the outer ear ni long.r exist , and the audi- 
tory passage, opening on a level with the surface of the head 
behind the eyes, is merely surrounded by a circle of peculi- 
arly formed feathers. The bones of the middle ear are also 
'ess n merous, there being generally but one. 
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100. In repfiles, the whole exterior ear dis, pp 1 

audilory passage is always wanting, and the tj [> ml: 

comes external. In some toads, even the middl 1 

mpl ly Th fl d f 1 b I h y 

h sal f I wh b f q ly m Iky pp 

d I I h d by h p 



m b! 

102. In crabs, the g 

face of the head, at ase g ee a 

hony chamber clos m in 

which is suspended m m n fi w w 

this sac, the auditory 

the vestibule is a si g 

head, containing a, li 

tory nerve terminate 

103. Finally, som la as 

have an auditory ap g d th h 

as with other animal gs 

may be allowed to pp g g 

yet been found in most insects, it is because it has been 
sought for in the bead only. 

104. It appears from these examples, that the part of the 
organ of hearing which is uniformly present ia all animals 
furnished with ears, is precisely that in which the auditory 
nerve ends. This, therefore, is the essential part of the or- 
gan. The other parts of the apparatus, the tympanum, 
Auditory parage, and «van the Bsmiciicular canals, have for 
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their object merely to aid the percepfion of sound with more 
precision and accuracy. Hence we may conclude that the 
sense of hearing is dull in animals where the organ is re- 
duced to its most simple form ; and that animals which have 
merely a simple membranous sac, without tympanum and 
auditory passage, as the tishes, or without semicircular 
canals, as the crabs, perceive sounds in but a very imper- 



3. Of Smell. 
e faculty of per 




a, olfactory n- 
f, nostril. 



;eiving odors, and is 
a highly important 
sense to many ani- 
mals. Like sight 
and hearing, smell 
depends upon special 
nerves, the olfacto- 
ry, (a,) which are 
the first pair of cer- 
ebral nerves, and 
which, in the em- 
bryo, are direct pro- 
longations of the 



106, The organ of smell is the Nose. Throughout the 
series of vertebrates, it makes a part of the face, and in 
man, by reason of its prominent form, it becomes one of the 
dominant traits of his countenance ; in other mammals, the 
Bose loses this prominency by degrees, and the nostrils ho 
longer open downwards, but forwards. In birds, the position 
of the nostrils is a little different ; they open farther back 
and higher, at the origin of the beak,.(y.) 

107. The nostrils are usually two in number. Some fishes 
have four. They are similar openings, separated by a par- 
tition upon the middl« lins of the body. In man and the 
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mammals, ihe outer walls of the nose arc composfd of carti- 
lage ; but internally, the nostrils communicate with bony cav- 
ities situated in the bones of the face and torehead These 
cavities are lined by a thick membrane, the pttuitari/ mem 
brane, on which are expanded the nerves of smell, namely, 
the olfactory nerves, and some filaments of the nerve which 
goes to the face. 

108. The process of smelling is as follows. Odors are 
[■articles of extreme delicacy which escape from very many 
bodies, and are diffused through the air. These particles 
excite the nerves of smell, which transmit the impressions 
made on them to the brain. To facilitate the perception of 
odors, the nostrils are placed in the course of the respiratory 
passages, so that all the odors which are diffused in the air 
inspired, pass over the pituitary membrane. 

109. The aculeness of the sense of smell depends on the 
extent to which the membrane is developed. Man is not so 
well endowed in this respect as rnany animals, which have 
the internal surface of the nostrils extremely complicated, as 
it is especially among the beasts of prey. 

110. The sense of smell in Reptiles is less delicate than 
in the mammals ; the pituitary membrane, also, is less de- 
veloped. Fishes are probably still less favored in this 
respect. As they perceive odors through the medium of 
water, we should anticipate that the structure of their 
apparatus would be different from that of animals which 
breathe in the air. Their nostrils are mere superficial pouch- 
es, lined with a membrane gathered into folds which gen- 
erally radiate from a centre, but are sometimes arranged 
in parallel ridges on each side of a centra! band. As the 
perfection of smell depends on the amount of surface 
exposed, it follows that those fishes which have these 
folds most multiplied are also those in which tliis sense is 
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111. No special apparatus for smell has yet been found m 
Invertebrates. And yet there can be no doubt that insects, 
crabs, and some mollusks perceive odors, since they are 
attracted from a long distance by the odor of objects. Some 
of these animals may be deceived by odors si^nilaT to those 
of their prey ; which clearly shows that they are led to it by 
this sense. The carrion fly will deposit its eggs on plants 
which have the smell of tainted fiesh. 

4. Of Taste. 

112. Taste is the sense by which the flavor of bodies is 
perceived. That the flavor of a body may be perceived, it 

lube, on th g By this 

warned to hs T ioti- 

mate conn ta m that 

both these s se clion 

of food. 

U3. Th la y p al as 

those of sight and hearing. They do not proceed from one 
single trunk, and, in the embryo, do not correspond to an 
isolated part of the brain. The tongue, in particular, receives 
nerves from several trunks ; and taste is perfect in proportion 
as the nerves which go to the tongue are more minutely dis- 
tributed. The extremities of the nerves generally terminate 
in little asperities of the surface, called papillcB. Sometimes 
these papillsB are very harsh, as in the cat and the ox ; and 
again they are very delicate, as in the human tongue, in that 
of the dog, horse, &c. 

114. Birds have the tongue cartilaginous, sometimes he- 
set with little stiff points; sometimes fibrous or fringed 
at tbo edges. la the parrots, it is thick and fleshy; 
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or it is even barbed at its point, as in tlie woodpeclters. 
In some repliles, the crocodile for example, the tongue 
13 adherent; in others, on tlie contrary, it is capable of 
extensive motion, and serves as an organ of touch, as in the 
serpents, or it may be thrust out to a great length to take 
prey, lilte that of the chameleon, toad, and frog. In fishes, 
it is usually cartilaginous, as in birds, generally adherent, and 
its surface is frequently covered with teeth. 

115. It is to be presumed, that in animals which have a 
cartilaginous tongue, the taste must be very obtuse, especial- 
ly in those which, like most fishes, and many granivorous 
birds, swallow their prey without mastication. In fishes, 
especially, the taste is \ery imperfect, as is proved bj then 
readily swallowing artificial bait It is probable that they 
are guided in the choice of their prey by sight, rathei 
than by taste or smell 

116 Some of the infenor animals select their food with 
no little discernnnent Thus, flies wdl "ielect the sugary 
portions of bodies Some of the moUubks, as the snails 
for exdmpli, are particularly diinlj in the choice of their 
food In general, the taste is but imperfectly developed, 
except in the mammals, and they ire the only animals 
which enjoy the fla\or of their food "rtiih man, this 
sertec, like other':, may be greatlj improved by exercise, 
and It is e^en capable of being bmught to a high degree 
of delicacy 

5. Of Touch. 

117. The sense of touch is merely a peculiar manifesta- 
tion of the general sensibility, seated in the skin, and 
dependent upon the nerves of sensation, which expand over 
the surface of the body. By the aid of this general sensi- 
bility, we learn whether a body is hot or cold, wet or dry. 
We may also, by simple contact, gain an idea, to a certain 
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6. The Voice. 

120. Animals have not only the power of perceiving, 
but many of them have also the faculty of producing 
sounds of every variety, from the roaring of the lion to the 
s n f h b d t al t th ng sun. It is moreover 

t b rem k d I a tl II endowed with a voice, 

Idt WIS I h g n f h well developed. 

121 An n I mpl y 1 either for communica- 

tnwhahth t xp their seneations, their en- 

j ym I h If ngs N rth less, this faculty is en 

J y d by b t a m II n t) 1 nimals; with but very 
f p ly th 1 the birds, and a few 

pi d d w th All others are dumb. 

W m d I n I ice ; for we must not 
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mistake for it the buzzing of the bee, which is merely a 
noise created by the vibration of the wings ; nor the grating 
shriek of the Locust, (grasshopper,) caused by the friction of 
his legs against his wings ; nor the shrill noises of the cricket, 
or the lell-tale call of the katydid, produced by the friction 
of the wing covers upon each other, and in numerous similar 
cases which might be cited. 

122. Consequently, were the mammals, the birds, and the 
frogs to be struck out of existence, the whole Animal King- 
dom would be dumb. It is diiEcult for us, living in the midst 
of the thousand various sounds which strike our ear from all 
sides lo cone ive of such a slate Yt such a state did 
d b 1 p f d f h rface of our 
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,ce, known by the name Fig. 22. 

n.) Two other analogous folijs, the 
superior ligaments of the glottis, (n,) are situated a little 
above the preceding. The glottis (o) is the space between 
these four folds. The arrangement of the vocal cords, and 
of the interior of the glottis in man, is indicated by dotted 
lines, in Fig. 22. 

124. The mechanism of the voice is as follows: the air, 
on its way to the lungs, passes the vocal cords. So long as 
these are in repose, no sound is produced ; but the momeit 
they are made tense they narrow the aperture, and oppose 
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an obstacle to the current of air, and it cannot pass without 
causing them to vibrate. These vibrations produce the 
voice ; and as the vocal cords are susceptible of diiTerent 
degrees of tension, these tensions determine different sounds ; 
giving an acute tone when the tension is great, but a grave 
ond dull one when the tension is feeble. 

125. Some mammals have, in addition, large cavities 
which communicate with the glottis, and into which the air 
reverberates, as it passes t!ie larynx. This arrangement is 
especially remarkable in the howling monkeys, which are dis- 
tinguished above all other animals for their deafening howls. 

126. In birds, the proper iarymc is very simple, destitute 
of vocal cords, and incapable of producing sounds ; but at 
the lower end of the windpipe there is a second or inferior 
larynx, which is very complicated in structure. It is a kind 

of bony drum, (a,) having with- 
in it two glottides, formed at the 
fop of the two branches (ib) of 
the windpipe, (c,) each provided 
with two vocal cords. The dif- 
\ ferent pieces of tliis apparatus 
e moved by peculiar muscles, 
s number of which varies in 
5e rent families. la birds which 
have a very monotonous cry, 
sucli as the guUs, the herons, 
^'^ '^ the cuckoos,and the mergansers, 

(Fig. 23,) there is but ohr or two pairs ; parrots have three ; 
and the birda of song ha\e five. 

127. iVIan alone, of all the animal creation, has the power 
of giving to the tones he utters a variety of definite or ar- 
ticulate sounds; in other words, he alone has the gift of 
speech. 
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CHAPTER FOURTH. 
OF INTELLIGENCE AND INSTINCT. 

128, Besides the material substance of which the boJy ia 
construe led, there is also on immaterial principle, which, 
though ii eludes detection, is none the less real, and to 
which wc are constantly obliged to recur ia considering the 
phenomena of life. It originates with the body, and is de- 
veloped with it, while yet it is totally apart from it. The 
study of this inscrutable principle belongs to one of the 
highest branches of Philosophy ; and we shall here merely 
allude to some of its phenomena which elucidate the devel- 
opment and rank of animals. 

139. The constancy of species Js a phenomenon depend- 
ing on the immaterial nature. Animals, and plants also, 
produce their kind, generation after generation. We shall 
hereafter show that all animals may be traced back, in the 
embryo, to a mere point in the yolk of the egg, bearing 
no resemblance whatever to the future animal ; and no in- 
spection would enable us to declare with certainty what that 
animal is to be. But even here an immaterial principle 
is present, which no external influence can essentially modify, 
and delermioes the growth of the future being. The egg of 
the hen, for instance, cannot be made to produce any other 
animal than a chicken, and the egg of the codfish produces 
only the cod. It may therefore be said with truth, that the 
chicken and the cod existed in the egg before their formation 
as such. 

130. Pekception is a faculty springing from this princi- 
ple. The organs of sense are the instruments for receiving 
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13b. It, however, we judge of the instinctive acts of ani- 
mals when compared with acts of intelligence, by the relative 
perfection of their products, we may be led into gross errors, 
as a single example will show. No one will deny that the 
honey-comb is constructed with more art and care than the 
huts of many tribes of men. And yd, who would presume 
to conclude from this that the bee is superior in intelligence 
to the inhabitant of the desert or of the primitive forest ? 
It is evident, on the contrary, that in this particular case we 
are not to judge of the artisan by his wi»rk. As a work of 
man, a structure as perfect in all respects as the honey -comb 
would indicate very complicated mental operations, and 
probably would require numerous preliminary experiments. 

137, The instinctive actions of animals relate either to 
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digs, bj the side of his buirow, compartments for majjazines, 
which he arranges wiih much art. Finally, the bee, more 
than any other animal, labors in view of the future ; and 
she has become the emblem of order and domestic economy. 



d g g m m 

g m T 

bird, seated on a mossy boUj,h, and itself coateJ with lichen 
and lined with the softest down from the cotton-grass or the 
muUeia leaf, is calculated equally for comfort and for es- 
caping observation. An East Indian bird, (Ploce us Phi lip pl- 
ans,) not only exhibits wonderful devices in the construction, 
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security, and comfort of its nest, but displays a still furtlier 
advance towards inlelligence. Tlie nest is built at the tipa 
of long pendulous twigs, usually hanging over the water. It 
is composed of grass, in such a manner as to form a 
plete thatch. The entrance 
is through a long tube, run- 
ning downwards from the 
edge of the nest ; and its 
lower end is so loosely woven, 
ll at anj erpeot o squ rrel 
u e p ing enter the aper 
t re o Id dttdcl the fibres 
and fall o tl e ground The 
male 1 o vever who has no 
occasion lor such protection, 
builds his thatched dome, sim- 
ilar to that of the female, and ^'S- 2*- 
by its side ; hot makes simply a perch across the base of 
the dome v. thout the nest ] ouch or tube. 

141 But it IS among nsects that this instinctive solici- 
tude for the welfare of the progeny is every where exhibited 

n the m st sinking manner Bee and wasps not only 
prepare cells for each of tl e r eggs but take care, before 
clos ng the cells to deposit in e ich of them something ap- 
pri-pnatf for the nourishment of the future young. 

142 It IS by the dictate of mstinct also, that vast numbers 
of dnimals of the same species associate, at certain perioifa 
of the year, for migration from one region to another ; as 
the swallows and passenger pigeons, which s 
met with in countless flocks. 

143. Other animals live naturally in large 
labor in common. This is the case with the ants and bees. 
Among the latter, even the kind of labor for each member 
of the community is determined beforehand, by instinct. 
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Some of them collect only honey and wax ; while others 
are charged with the care and education of the young; and 
still others are the natural chiefs of the colony.. 

144. Finally, there are certain animals so guided by their 
instinct as to live like pirates, on the avails of others' 
lahor. The Lestris or Jager will not take the trouhle to 
catch fish for itself, but pursues the gulls, until, worn out 
by the pursuit, they eject their prey from their crop. Some 
anls make war upon others less powerful, take their young 
away to their nests, and oblige them to labor in slavery. 

145. There is a striking relation between the volume of 
ihe brain compared with the body, and the degree of intelli- 
gence which an animal may attain. The brain of man is 
the most voluminous of all, and among other animals there is 
every gradation in this respect. In geneml, an animal is the 
more intelligent, in proportion as its brain bears a greater 
resemblance to that of man. 

146. The relation between instinct and the nervous 
system does not present so intimate a correspondence as 
exists between the intellect and the brain. Animals which 
have a most striking development of instinct, as the ants and 
bees, belong to a division of the Animal Kingdom where the 
nervous system is much less developed than that of the ver- 
tebrates, since they have only ganglions, without a proper 
brain. There is even a certain antagonism between instinct 
and intelligence, so that instinct loses its force and peculiar 
character, whenever intelligence becomes developed. 

147. Instinct plays but a secondary part ia man. He is 
not, however, entirely devoid of it. Some of his actions are 
entirely prompted by instinct, as, for instance, the attempts of 
the infant to nurse. The fact, again, that these instinctive 
actions mostly belong to infancy, when intelligence is but 
slightly developed, goes to confirm the two last propositions. 
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CHAPTER FIFTH. 

OF MOTION. 

SECTION I. 

APPABATDS OF MOTION. 

148. The power of voluntary motion is the second grand 
characteristic of animals, (57.) Though they may not all 
have the means of transporting themselves from place (o 
place, there is no one which has not the power of executing 
some motions. The oyster, although' fixed to the ground, 
opens and closes its shell at pleasure ; and the little coral 
animal protrudes itself from its cell, and retires again at 

149. The movements of animals are effected by means of 
muscles, which are organs designed expressly for this pur- 
pose, and which make up that portion of Ihe body which 
is commonly called JUsh. They are composed of threads, 
which are readily seen in boiled meat. These threads 
are again composed of still more delicate fibres, called mas- 
mlar fibres, (45,) which have the property of elongating 
and contracting. 

150. The motions of animals and plants depend, therefore, 
upon causes essentially different. The expansion and clop'ng 
of the leaves and blossoms of plants, which are their most 
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, are due to the influence of Iigb , heat, 
moislure, cold ■*nd similar external agents , but all the mo- 
tions peculiar to animals are pioduced by t cause residing 
within themselves, oamelj , the cont) actihty of mu'icular 
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Btantial framework for ihe body, which has been variously 
designated in the several classes of animals, as the test, shell 
carapace skeleton ^c The tudyof these parts is a of the 
mm T 



( g ) 
fi {F ) 




withm their cavities. In a lew, the shell is too small for tV 
purpose ; and in some it exists only at a very early perio 
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and is lost as the animal is developed, so that at last .here is 
no other covering than a shmy skin. In others, the skin 
becomes so thkjk and firm as lo have ihc consistence of 
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jes may be the same as those of woody 
' th A 'd' A g ral th' 
d loc h th 1 

hill ra 

1 h S 11 p 

1 1 U p p 1 h m I 

f II k If fl d k 

b d d 



m H <i h d p b 

Ijfmry dbl pp h 

sifhbdy dh fd ppra 

su h h n 1 fib f h I 

Th 1 p d b f m h m 

SI 11 lb 1 I d h 

ti f m tdk pi 1 m 

157 I th A Id II Id p ts 

tern m y f 1 y 

b 1 d Ij fi h 

ol h dg Th 1 f 1 b od 

id f 1 Th dff' h 

clas f 1 d p m m ly 1 m f d 

ity mbe fp dldf, f hh 

has upon another. In some groups they are consolidated, so 
as to form a shield or carapace, such as we see in the 
orabs. In others, they are membranous, and the body is 
capable of assuming various forms, as in the leeches and 
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158. A variety of appendages aro attached to these 
rings, such as jointed legs, or in place of them stiff bristles, 
oars fringed with sillten threads, wings either firm or mem- 
branous, antennte, movable pieces which perform tbe office 
of jaws, &c. But however divereified this solid apparatus 
may be, it is universally tbe case that tbe rings, to which 
every segment of the body may be referred as to a type, com- 
bine to form but a single internal cavity, in which all the or- 
gans are enclosed, the nervous system, as well as the organs 
of vegetative life, (63.) 

159, The muscles which move 
all these parts have this peculiar- 
ity, that they are all enclosed with- 
in the more solid framework, and 
not external to it, as in the verte- 
brates , and also that the muscular 
bundles, which are very consider- 
able m number, have the form of 
ribbons, oi fleshy strips, with par- 
allel fibres of remarkable white- 
ness Figure 27 represents the ** '' 
disposition of the muscles of the caterpillar which destroys 
the willow, {Cossus ligniperda.) The right side represents 
the superficial layer of muscles, and the left side the deep- 
seated lajer. 

160 The Vertebrata, like the articulated animals, have 
solid parts at the surface, as the hairs and horns of mam- 
mals, the coat of mail of the armadillo, the feathers and claws 
of birds, the bucklers and scales of reptiles and fishes, &c. 
But they have besides this, along the interior of the whole 
body, a solid framework not found in the invertebrates, well 
known as the Skeleton. 

161. The skeleton is composed of a series of separate 
bones, called vertebrEe, united to each other by ligaments. 
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Each verlebxa Jias a solid centre with four branches, two of 
which ascend and form an arch above, 
and two descend, forming an arch below 
the body of the vertebra. The upper 
arches form a continuous cavity (a) along 
(he region of the trunk, which encloses 
the spinal marrow, and in the head re- 
ceives the brain, (61.) The lower arches 
(b) form another cavity, similar to the 
superior one, which contains the organs of 
nutrition and reproduction ; their branch- 
es generally meet below, and when dis- 
joined, the deficiency is supplied by 
fleshy walls. Every part of the skeleton 
j;ig. aa. jjjgy j)g reduced to this fundamental type 

the vertebra, as will be shown, when treating specially of the 
vertebrate animals ; so that between the pieces composing 
the head, the trunk, or the tail, we have only differences 
in the degree of development of the body of the ver- 
tebra, or of its branches, and not in reality different plans 
of organization. 

162. The muscles which move this solid framework of 
the vertebrata are disposed around the verlebrfe, as is 





of muscle* far each vertebra. In proportion aa limbs 
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tail, which IS the part principally employed in locomotion. 



163. On f h dp ppl ations 
■A this app ra f b d m 1 f L como- 
TioN. By d ro d h h h nimal 
makes in p g f m pi pi h p f pleas- 
ure, susteoa f d f 1 otions 
which are p f m d lly 11 11 y ch as 
the acts of p iS., 

164. Th h h h b gh ion to 
effect locom d 11 1 es in 
which anil 1 F^ "^ 7 ^ ^ ^ d the 
study of the d p h f m 1 highly 
interesting m h 1 11 ' g I po'mi 
of view. T 1 il m Id wlMch 
these I'arie mjbe gd Eh h 11 body ia 
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equally concerned in effecting locomotion, or only some of 

its parts are employed for the purpose. 

165. The jelly-fishes (Medusa) swim 
by contracting iheir umbrella -shaped 
bodies upon the water below, and its 
resistance urges them forwards. Other 
animals are provided with a sac or 
siphon, which ihey may fill with water, 
and suddenly force out, producing a jet, 
which is resisted by the surrounding 
water, and the aoimal is thus propelled. 
, (Holothuria,) the cuttle-fishes, the Salpas, 

&c., move in this way. 

166. Others contract small portions of the body in suc- 
cession, which being thereby rendered firmer, serve as 
points of resistance, against which the animal may strive, 
in ur^ng the body onwards. The earth-worm, whose body 
is composed of a series of rings united by muscles, and 
shutting more or less into each other, has only to close op 
the rings at one or more points, to form a sort of fulcrum, 
against which the rest of the body exerts itself in extending 
forwards. 

167. Some have, at the extremities of the body, a cup or 
some other organ for maintaining a firm hold, each extremity 
acting in turn as a fixed point. Thus the Leech has a cup 
or sucker at its tail, by which it fixes itself; the body is then 

elongated by the contraction 
of the muscular fibres which 
encircle the animal ; the mouth 
is next fixed by a similar suck- 
er and by the contraction of 
the body is shortened, and the 
;ht forwards to repeat the same 
nrocess. Most of the bivalve moilusks, such as the clams, 



Fig. 32. 
muscles running l 
tail, losing its hold, 
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move from place to place, in a similar way. A fleshy organ, 
calleJ llie foot, is thrust forward, and its extremity fixed 
in rtij mud, or to some firm object, when it contracts, 
and thus draws along the body and tbe siiell enclosing 
it. Snails, and manv similar animals, have the fleshy under 
surface of their body composed of an infinitude of very short 
muscles, which, by successive contracfions, so minute, indeed, 
as scarcely lo be detected, enable them to glide along 
smoolhiy and silently, without any apparent muscular effort. 

168. In the majority of animals, however, locomotion ia 
effected by means of organs specially designed for the pur- 
pose. The most simple are the minute, hair-like cilia, 
which fringe the body of most of the microscopic infu- 
sory animalcules, and which, by their incessant vibrations, 
cause rapid movements. The sea-urchins and star-fishes 
have little thread-like tubes issuing from every side of the 
body, furnished with a sucker at the end. By attaching 
these lo some fixed object, they are enabled to draw or roll 
themseh cs along , but then progres'^ is alw ays slow Insects 
are distmguished for the number and great peifection of their 
organs of motion Thej have at least three pairs of legs, 
and usually wmgs also But those thnt have numerous 
feet, like the centipede'^, ire not distinguished for agility 
The Crustacea generilly ha\e at least h^e piirs ot lejjS, 
which are used for both 

The Worms are much less 

active , some of thera have 

only short bristles at their 

sides. Some of the marine ng. «. 

species use their fringe-like gills for paddles. (Fig. 33.) 

169. Among the Vertebrala, we find the greatest diveisity 
in the organs of locomotion and the modes of their applica- 
tion, as well as the greatest perfection, in whatever element 
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they may be employed. The sailing of the eagle, the bound- 
ing of the antelope, the swimming of the shark, are not 
equalled by any movements of insects. This superiority is 
due to the internal skeleton, which, while it admits a great 
display of force, gives to the motions, at the same time, a 
great degree of precision. 

1. Plan of the Organs of Locomotion. 

170. The organs of progression in vertebrated animals 
never exeeed four in number, and to ihem the term limbs is 
more particularly applied. The study of these organs, as 
characteristic of the different groups of vertebrate animals, 
is most interesting, especially when prosecuted with a view 
to trace them all hack to one fundamental plan, and to ob- 
serve the modifications, oftentimes very slight, by which a 
very simple organ is adapted to every variety of move- 
ment. No part of the animal structure more fully illustrates 
the unity of design, or the skill of the Intellect which has 
so adapted a single organ to such multiplied ends. On this 
account, we shall illustrate this subject soinewhat in detail 

171. It IS eas\ h b g w h is n 
the bird in the air i be d ff f hi f h 
which is to serve f h fi f h fi h ! 
swims. But, notwi 1 dghdmlylw f 
the bird, the leg of i d 1 1 1 1 fi f i fi h 
may still be traced b sa pi f ru d f 
we examine their sk 1 w fi d h f d 1 
parts. In order to s 1 1 1 
scription of the composition of the arm or anterior extremity. 

172. The anterior member, in the vertebrates, is invaria- 
bly composed of the following bones: 1. The shoulder- 
blade, or scapula, (a,) a broad and flat bone, applied upon 
.ne bones of the trunk ■ 3. Tlie arm, (b,) formed of a single 
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long cylindrical bone, the humerus ; 3. The fore-arm com- 
posed of two long bones, the radius^ (c,) and ulna, (d,) 
which are often fused into one ; 4. The hand, which is 
composed of a series of bones, more o 

or less numerous in different classes, 
and which is divided into three parts, 
namely, the carpus, or wrist, (e,) the 
metaceajms, or palm, (f,) and the pha- 
langes, or fingers, {g.) The clavicle or 
collar-bone, (o,) when it exists, belongs 
also to the anterior member. It is a 
bone of a cylindrical form, fixed as 
a brace between the breast-bone and 
shoulder-blade. lis use is to keep the 
shoulders separated ; to this end, we 
find it fully developed in all animals 
which raise the limbs from the sides, as 
the birds and the bats. On the other 
hand, it is rudimentary, or entirely want- 
ing in animals which move tiiem back- 
wards and forwards only, as with most 
quadrupeds. 

173. The following outlines, in which corresponding bones 
arc indicated by the same letters, will give an idea of the 
modifications which these bones present in different classes. 
In the arm of man, (Fig. 34,) the shoulder-blade is flat 
and triangular ; the bone of the arm is cylindrical, and en- 
larged at Its extremities ; the bones of the fore-arm are 
somewhat shorter than the humerus, but more slender ; the 
hand is composed of the following pieces, namely, eight 
small bones of the carpus, arranged in two rows, five meta- 
carpal hones, which are elongated, and succeed those of the 
wrist; five fingers of unequal length, one of which, the 
thumb, is opposed to the four others. 
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174. In the slag, {Fig. 35,) the bones of the fore-arra 
are rather longer than that of the arm, and the radius no 
longer turns upon the ulna, but is blended with it; the meta- 



quite as long as the fore-ar 

The fingers are reduced to 

by a Jioof, at its extremity. 

175. In the arm of the 



greatly developed ; and, being 
1, it is apt to be mistaken for it. 
wo, each of which is surrounded 




stouter, the carpal bones are less numerous, and the fingers 
are short, and armed with strong, retractile claws. In the 
whale, (Fig. 37,) the bones of the arm and fore-arm are 
much shortened, and very massive ; the hand is broad, the- 
fingers strong, and distant from each other. 




In the bal, the thumb, which is represented by a small 
hook, is entirely free, (Fig. 38 ;) but the fingers are elon- 
gated in a disproportionate manner, and the skin is stretched 
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across them, so as to s«rve ihe purpose of a wing. In birds, 
the pigeon for example, (Fig. 39,) there are but two fingers, 
which are soldered together, and destitute of nails ; and the 
thumb is rudimentary. 

176. The arm of the turtle (Fig. 40) is peculiar in liaTing, 




Fig. 42. 

besides the siioulder- blade, two clavicles ; the arm-bone ia 
twisted outwards, as well as the bones of the fore-arm, so 
that the elbow, instead of being behind, is turned forwards ; 
the fingers are long, and widely separated. In the Sloth, 
(Fig. 41,) til b f h df e-arm are very greatly 

elongated, ad h m m y slender ; the hand is 
likewise very 1 g d h ii g rs re terminated by enor- 
mous non-re 1 li Tl a of the Mole (Fig. 42) 
is still mor d y Th hou Id er- blade, which is 

usually ab d dfl bn b mes very narrow ; the 
arm-bone, oh y ra ed so much as lo seem 

nearly squa h lb p j b ckwards, and the hand 
is excessively 1 d 

1T7. In fi h b f m d gement of the bones is 

so peculiar, 1 is f d fh 1 trace their correspond- 

ence to all 1 p rt f d n 1 animals ; nevertheless, 
the bones of 1 f d ly ecognized. In the CotI 
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(Fig. 43) there are two flat and broad bones, one of which, 
the ulna, {d,) presents a long point, anteriorly. The bones of 



the carpus are represented by foir ticariy square little bones 
But in these agin there are con^derablt, variations n dif 
ferent fishes at d in some Ejenera they aru much moie irre^ 
uhr in form The fingers are bit impertectlv representcl 
by the rays of the fin {g ) whieh are composed of an infini 
ludeof mnute bones arl culated with each other As to 
the burner IS ind shoulder thp r analogies ire varioualyin 
terpreted bv diffeient anito n ts 

178 The form of the me nbers is so admirably adapted to 
the sptcnl uffi^'es which they are designed to peiform thit 
by a s ngle inspection of the bones of the arm as repre 
sented in the preced ng sketches one m ght infer the uses to 
which they are to be put The am of man with its 
radius turning upon its ulna the deln,atc ind fliable fingers 
and the thumb opposed lo them bespeak an organ for the 
purpose of handling The sltnder and long arm of the 
sloth with his monstrous cHn* would be e-\tremely incon 
venient for walking on the ground but approf r ate for seizing 
upoQ the branches of the trees, on which these animals live. 
The short fingers, armed with retractile nails, indicate the 
lion, at first glance, to be a carnivorous animal. The arm 
of the stag, with his very long canoon-bone, and that of the 
horse, also, with its solitary finger enveloped in a hoof, are 
organs especially adapted for running. The very slender 
and greatly elongated fingers of the bat are admirably coii- 
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trived for 1 p ead of ■» w n h u ncreasing the 

weight of ll e body Tl e n o e ii m and hd arm of the 
bird indicates a n o a a ned fl „1 Tl e 1 ort arm of the 
whale, with 1 s s] ead ng fi ers e e bles a strong oar. 
The enormo ha d of 1 e mole h ta lon^ elbow, is con- 
structed for the difficult and prolonged efforts requisite in bur- 
rowing. The twisted arm of the tortoise can be applied to no 
other movement than creeping. And finally, the arm of the 
fish, completely enveloped in the mass of the flesh, presents, 
externally, a mere delicate balancer, the pectoral fin. 

179. The posterior members are identical in their structure 
with the anterior ones. The bones of which they are 
composed, are, I. Tlie pelvis, (Fig. 46,) which corresponds 
to the shoulder blade ; 3. The thigh bone, or femur, which 
is a single bone, like the humerus ; 3. The bones of the leg, 
IS d^ ; 1 h Ik h rad d 1 ome- 

m 1 b d 1 h b f the 




pi T fii y d 

d ll rt b es f 

tl h m y h 

limbs bear a certain resemblance to those of the vertebrates, 
and are even used for similar purposes, yet they have no real 
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affinity. Thus the leg of an insect, (Fig. 44,) and that 
of a lizard, (Fig. 45;) the wing of a butterfly and the 
wing of a bat, are quite similar in form, position, and use; 
but in the bat and the lizan:, the organ has an internal bony 
support, which is a part of the skeleton ; while the leg of 
the insect has merely a horny covering, proceeding from one 
of the rings of the body, and the wing of the butterfly is 
merely a fold of the skin, showing that the limbs of the 
Articulata are constructed upon a different plan, (157.) It 
is by ascertaining and regarding these real affinities, or 
the fundamental differences, existing between similar orgajss, 
{hftt the true natural grouping of animals is lo be attained. 

3. Of Standing, and the Modes of Progression. 

181. Standing, or the natural attitude of an animal, de- 
pends on the form and functions of the limbs. Most of the 
lerreslrial mammals, and the reptiles, both of which employ 
all four limbs in walking, have the back-bone horizontal, and 
resting at the same lime upon both the anterior and poste- 
rior extremities. Birds, whose anterior limbs are intended 
for a purpose very different from the posterior, stand upon 
the latter, when at rest, although the back-bone is still very 
nearly horizontal. Man alone is designed to stand upright, 
with his head supported on the summit of the vertebral col- 
umn. Some monkeys can rise upon the hind legs into the 
erect posture ; but it is evidently a constrained one, and not 
their habitual attitude. 

182. That an animal may stand, it is requisite that the 
limbs should be so disposed that the centre of gravity, in 
other words, the point about which the body balances itself, 
should fall within the space included by the feel. If the 
centre of gravity is outside of these limits, the animal falls 
to lie side to which the centre of gravity inclines. On 
this ftccouct, the albatross, and some other aquatic birds 
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which have the feet placed very far back, cannot use them 
for walking. 

183. The more numerous and the more widely separated 
are the points of support, the firmer an animal stands. On 
this account, quadrupeds are less liable .to lose their balance 
than birds. If an animal has four legs, it is not necessary 
that they should have a broad base. Thus we see that 
most quadrupeds have slender legs, touching the earth by 
only a small surface. Broad feet would interfere with each 
other, and only increase the weight of the limbs, without 
adding to their stability. Birds are furnished with long toes, 
which, as they spread out, subserve the purpose of tripods. 
Moreover, the muscles of the toes are so disposed that the 
weight of the bird causes them to grasp firmly ; hence it 
is enabled to sleep standing in perfect security upon the roost, 
without' effort. 




Fig 46 
184. In quadrupeds, the jomts at the junction of the limbs 
with the body bend freely in ouI\ one direction, that is, to 
wards the centre of gravity, so thit if one limb jielda, the 
tendency to fall is counferactpd bj the reaistanee of the 
limbs at the other extremity of the body The same antag. 
onism is observed in the joints of the separate limbs, which 
are flexed alternately in opposite dtrp^tiong Thus the thigh 
bends forwards, and the leg backwards ; while the arm bends 



Hos-odt, Google 



9n 



md the fore-arm forwards. Different terms have 
been employed to express the various modes of progression, 
according to the rapidity or the succession in which tlie 
limhs are advanced. 

185. Pkogkessiozj is a forward movement of the body, 
effected by successively bending and extending the linibs. 
Walking is the ordinary and natural gait, and other paces 
are only occasionally employed. When walking is accom- 
plished by two limbs only, as in man, the body is inclined 
forwards, carrying the centre of gravity in that direction ; 
and while one leg sustains the body, the other is thrown 
forwards to prevent it from falling, and to sustain it in turn. 
For this reason, walking has been defined to be a continual 
falling forwards, continually interrupted by the projection of 
the legs. 

186. The throwing forwards of the leg, which would 
require a very considerable effort, were the muscles obliged 
to sustain the weight of the limbs also, is facilitated by a very 
peculiar arrangement ; that is, the joints are perfectly closed 
up ; so that the external pressure of the atmosphere is suffi- 
cient of itself to maintain the limbs in place, without the as- 
sistance of the muscles. This may be proved by e.'speri- 
ment. If we cut away all the muscles around the hip joint, the 
thigh bone still adheres firmly to the pelvis, but separates the 
moment a hole is pierced, so as to admit air into the socket. 

187. In ordinary walking, the advancing leg touches the 
ground just before the other is raised ; so that there is a 
momeQt when the body rest b I 1 mb I ly when 
the speed is very much a 1 ra d h 1 actions 
become simultaneous. Tl 'kg f q d p ds Is a 
similar process, but with this I ff h 1 bd always 
rests on at least two legs. Tl I h d deter- 
minate order, usually in sucl 1 hi d leg of 
oue side succeeds the fore-leg of the opposite side. Some 



Hos-odt, Google 



MO 3ES 07 PKOGTIESSION. 91 

animals, as the giraffe, the hma, ind the bear, raise bolh 
legs of one side at the same moment Tins is called am- 
hling, 01 pacing 

188. Running consi'^ts in the s'»me succession of motions 
as walking, so aLi-eierated that there is a moment be- 
tween two steps when noae of the hmls touch the ground. 
In the horse and dog, and m most mammals, a distinction u 
made between the iv-ilk, the trot, the canter, and the gallop, 
all of which \i'i\e different positions or meaaure'? The trot 
has hut two measures The animal raisea ■i leg on each 
side, in a cro<:s diiection, that is to iiy, the Tight foie leg 
with the left hind leg, and so on. The lanlu has three 
measures. After advancing the two fore-legs, one after the 
other, the animal raises and brings forward the two hind-legs, 
simultaneously. When this movement is greatly urged, 
there are but two measures; the fore-limbs are raised to- 
gether as well as the liind-Iegs ; it is then termed a gallop. 

189. Leaping consists in a bending of all the limbs, fol- 
lowed by a sudden extension of them, which throws the 
body forwards with so much force as to raise it from the 
ground, for an instant, to strike again at a certain distance in 
adiance For this purpose, the animal alwajs crouches 
before leaping Most animals make only an occasional use 
of this mode of progression, when some obstacle is to be 
surmounted , but in a few instances, this is the habitual 
mode As the hind-legs are especially used in leaping, we 
observe that all leaping animala ha\e the posterior members 
verj much more robust than the anterior, as the frog, the 
kangaroo, jerboa, and e\en the hare Leaping is also com- 
mon among certain birds, especiallj among the sparrows 
the thrushes &c F nallv here s also a large n mber of 
lea[. g nsec s su 1 as tl e flea the large tr be of grass 
hopptrs and c eke s n h ch e hnd ha pi r of let,s 
wtl vl ch le^p a s tCQO pished m cl re d \el ^ d 
than tl e otl era 
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190. Climbing is mere!y walking upon an inclined or 
even upright surface. It is usually accomplished by means of 
sharp nails ; and hence many carnivorous animals climb 
with great facility, aucli as the cat tribe, the lizards ; and 
Kiacy birds, the woodpecker, for instance. Others employ 
their arms for this purpose, like the bears when they climb 
a tree ; or their hands, and even their tails, like the moa- 
keys ; or their beaks, like the parrots. Lastly, there arc some 
whose natural mode of progression is climbing. Such are 
the sloths, with their arms so long, that, when placed upon 
the ground, they move very awkwardly ; and yet their struc- 
ture is by no means defective, for in their accustomed move- 
ments upon trees they can use their limbs with very great 
adroitness. 

191. Most quadrupeds can both walk, trot, gallop, and 
leap ; birds walk and leap ; lizards neither leap nor gallop, 
but only walk and run, and some of them with great rapidity. 
No insect either trots or gallops, but many of them leap. 
Yet their leapiag is not always the effect of the muscular 
force of their legs, as with the flea and grasshopper ; but 
some of them leap by means of a spring, in the form of a 
hook, attached to the tail, which they bend beneath the 
body, and which, when lot loose, propels them to a great 
distance, as in the Podurellas. Still others leap by means of 
a spring, attached beneath the breast, which strikes against 
the abdomen when the body is bent; as the spring- beetles, 
(Elaters.) 

192. Flight is accomplished by the simultaneous action 
of the two anterior limbs, the wlags, as leaping is by that of 
the two hinder limbs. The wings being expanded, strike 
and compress the air, which thus becomes a support, for the 
moment, upon which the bird is sustained. But as this 
support very soon yields, owing to the slight density of the 
air, it follows that the bird must make the greater and more 
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ra( id efforts to compensate for this disadvantage. Hence it 
requires a much greater expenditure of strength to fly thiin 
to walk; and, therefore, we find the great mass of muscles 
in birds concentrated about the breast, {Fig. 30.) To facili- 
tate its progress, the bird, after each flap of the wings, brings 
them against the body, so as to present as little surface aa 
possible to the air ; for a still further diminution of resistance, 
all birds have the anterior part of the body very slender. 
Their flight would be much more difficult if they had large 
heads and short necks. 

193. Some quadrupeds, such as the flyiag-squirrel and 
Galeopithecus, have a fold of the skin at the sides, which 
may be extended by the legs, and which enables them to 
leap from branch to branch with more security. But this 
is not flight, properly speaking, since none of the peculiar 
operations of flight are performed. There are also some 
fishes, whose pectoral fins are so extended as to enable them 
to dart from the water, and sustain themselves for a consider- 
able lime in the air ; and hence they are called flying-fish. 
But this is not truly flight. 

194. Swimming is the mode of locomotion employed by 
the greater part of the aquatic animals. Most animals which 
live in the water swim with more or less facility. Swimming 
has this ill common with flight, that the medium in which it 
is performed, the water, becomes also the support, and read- 
ily yields also to the impulse of the fins. Only, as wai^r ia 
much more dense than air, and as the body of most aquatic 
animals is of very nearly the same specific gravity as water, 
it follows that, in swimming, very little effort is requisite to 
keep the body from sinking. The whole power of the mus- 
cles is consequentlj employed in progression, and hence 
swimming requires vastly less muscular force than flying, 

195. Swimming is accomplished by means of vaiious or- 
gana designated under the general term, j?ns, although in an 
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th fi 

blmg It to vary the specific weight of the body. 

196. Most land nnimals Ewim with more or less ease, by 
simply employing the ordinary motions of walking or leaping. 
Those which frequent the water, like the beaver, or which 
feed on marine animals, as the otter and duck, have webbed 
feet ; that is to say, the fingers are united by a membrane, 
which, when expanded, acts as a paddle. 

197. There is also a large number of invertebrate animals 
in which swimming is the principal or the only mode of 

, progression. Lobsters swim by means of their tail, and, like 
the Whales, strike the water up and down. Other Crustacea 
have a pair of legs fashioned like oars ; as the posterior legs 
in sea-crabs, for example. Many insects, likewise, swim 
with their legs, which are abundantly fringed with hairs (o 
give them surface ; as the little water boatmen, (Gyrinus, 
Dytiscus,) whose mazy dances on the summer streams every 
jne must have observed. The cuttle-fish uses its long ten- 
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tacles as oars, {Fig. 47 ;) and some star-fishes (Comalula, 
Eurj-ale) use their arms wUli great adroitness, (Fig. 151.) 
Finally, there are some insects which have their limbs con- 
strLicted for running on the surface of water, as the water- 
spiders, {Eanatra, Hydrometra.) 




Fig. 47. 

198. A large number of animals have the faculty of mov- 
ing both in the air and on land, as is the case with most birds, 
and a great proportion of insects. Others move with equal 
facility, aod by the same members, on land and io water, as 
some of the aquatic birds and most of the reptiles, which latter 
have even received the name Amphibia, on this account. 
There are some which both walk, fly, and swim, as the ducks 
and water-hens ; but they do not excel in either mode of 
progression. 

199. However different the movements and offices per- 
formed by the limbs may appear to us, according to the cle- 
ment in which they act, we see that ihey are none the less 
the effect of the same mechanism. The contraction of the 
same set of muscles causes the leg of the stag to bend for 
leaping, the wing of tiie bird to flap in the air, the arm of 
the mole to excavate the earth, and the fin of the whale to 
strike tbe water. 
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200. The second class of the functions of animals are 
those which relate to the maintenance of life and the per- 
petuation of the species ; the functions of vegetative life, (59.) 

301. The increase of the volume of the body must re 
quire additional materials. There is also an incessant waste 
of particles which, having become unfit for further use, are 
carried out of the system. Every contraction of a muscle 
expands the energy of some particles, whose place must be 
supplied. These supplies are derived from every natural 
source, the animal, vegetable, and even the mineral king- 
doms ; and are received under every variety of solid, liquid, 
and gaseous form. Thus, there is a perpetual interchange 
(if substance between the animal body and the world around. 
The conversion of these supplies into a suitable material, its 
distribution Jo all parts, and the appropriation of it to the 
growth and sustenance of the body, is called Nutrition in 
the widest sense of that term, 

202. Iq early life, during the period of growth, the amount 
of substances appropriated is greater than that which is lost 
At a later period, when growth is completed, an equilibrium 
between the matters received and those rejected is established. 
At a still later period, the equilibrium is again disturbed, 
more is rejected than is retained, decrepitude begins, and at 
last the organism becomes exhausted, the functions cease, and 
death ensues. 

203. The solids and fluids taken into the body as food are 
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subjected lo a process called Digestion, by which the solid 
portions are reduced to a fluid slate also, the nutritive sepa- 
rated from the excrement itious, and the whole prepared to 
become blood, bone, muscle, &c. The residue isaftenvards 
expelled, together with those particles of the body which 
require to be renewed, and those which have been derived 
from the blood by several processes, termed Secretions. 
Mailers in a gaseous form are also received and expelled with 
the air we breathe, by a process called Respiration. The 
nutritive fluids are conveyed to every part of ihe body by 
currents, usually confined in vessels, and which, as they 
return, bring back the particles which are lo be either reno- 
vated or expelled. This circuit is what is termed the Circu- 
lation. The function of Nutrition, therefore, combines sev- 
eral distinct p 



OF EISESTION. 

204. Digestion, or the process by which the nutritive p 
of food are elaborated and pre 
pared to become part of the bodj , 
is clTected in certain cavities the 
stomach and intestines, or oilmen 
tary canal. This canal is more or 
less complicated in the various 
classes of animals ; but there is no 
animal, however low its organiza 
tion,withoutit, in some form, (M ) 

205. In the polypi, the digestive 
apparatus is limited to a single 
cavity. In the Sea Anemone, (4c 
tinia,) for example, it is a pouch, (Fig 48, J,) suspended i 




Hos-odt, Google 




98 NUTKITION. 

llie interior of the body. When the fooc has been suffiaiently 
digested ihere, it passes, by imbibition, into the general cav- 
ity of the body, (c,) which is filled with water, and mingling 
with it, flows thence into all parts of the an- 
imal. The jelly-fishes, (Medusa,) and 
some Worms, have a distinct stomach, with 
appendages branching otF in every direction, 
(Fig. 31,) in which a more complete elabo- 
, ration takes place. The little worms known 
by the name of Planaria, present a striking 
example of these ramifications of the intes- 
le, (Fig. 49, e.) But here, likewise, the 
product of digestion mingles with the fluids 
of the cavity of the body which surround 
the intestine (<?) and its branches, and cir- 
culation is not yet distinct from diges- 
Fig. 49. tion. 

206. As we rise in the scale of animals, the functions 
concerned in nutrition become more and more distinct from 
each olher. Digestion and circulation, no longer confounded, 
are accomplished separately, in distinct cavities. The most 
important organs concerned in di- 
gestion are the stomach, and the 
small and large intestine. The 
first indications of such a distinc- 
tion are perceived in the higher 
Radiata, such as the sea-urchins, 
(Fig. 50,)in which the stomach (s) 
is broader than either extremity of 
the intestine. The dimensions and 
Fig- 50. form of the cavities of the intestine 

vary considerably, according to the mode of life of the ani- 
mal ; but the special functions assigned to them are invaria- 
ble ; and the three principal cavities succeed each other, iji 
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to a pulpy fluid called chyme, which varies in its nature with 
ths food, Heice the function of ihe stomach has been 
named chymification. With this, the function of digestion is 
complete in many of Ihe lower animals, and chyme is circu- 
lated throughout the body ; this is the case ia Polypi and Jelly- 
fishes, and some Worms and MoUusks In other animals, 
however, the chyme thus formed is transferred to the mtcs 
tme, by a peculiar mo\ement 1 ke that of a worm in creep 
ing, which has accordinj,ly received the name of lermnular 
or peristaltic motion 

209 The form of the small mtesline (i) is less variable 
than that of the atoraach It is a narrow tube, with thin w alls, 
coiled 111 \iiiou3 directions m the vertebrate animals but 
more s n pie in the inverlebrates, especially the insects Its 
length \arn.&, iccording to the nature of the food be ng in 
general longer in herbivorous than in ctrmvorous animals 
In this portion of the canal, the aliment undergoes its com 
plele elabor^tlon through the agency of certain juices which 
here mingle w th the ch^me such aa the ble secreted bj the 
Iner and the pancreatii, juice, secieled bj the pancieis 
The re* 1 1 of this elaborat on is to produce a compkte sepa 
lation of the truly nutrition"! parts, in the form of a m Ikj 
iquid called chy?e The process is called chyltficatwn laA 
[here ate great numbers of animals, such as the Insects, 
Crabs, and Lobsters, some Worms, and most of the MoUusks, 
in which the product of digestion is not further modified by 
respiration, but circulates throughout the body as chyle. 
210. The chyle i^ composed of minute, colorless globules, 
of a somewhat flattened form, (Fig. 53.) In 
the higher animals, the Vertebrates, it is taken 
up and carried into the blood by means of very 
minute vessels, called lym^ikatic vessels or 
lactt.ah, which are distributed every where in 
Fia 63 ''^'^ v,&\h of the intestine, and communicate 
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211 The organs abo^e deiscnbed constitute the most es 
sential lor the [ recess of digestion aod are fouod more or lesa 
developed m all but some of the radiated animals ; but there 
are, in, the higher animals, several additional ones for aiding 
in the reduction of the food to chyme and chyle, which render 
their digestive apparatus quite complicated. In the first place, 
hard parts, ofa horny or bony lexlure, are usually placed about 
the mouth of those animals that feed on solid substances, which 
serve for cutlinc o ■ br i ' g the f d int sm 11 fragments 
b w d d imals, 
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(Echinus,) this apparatus, which has been called Arisiutle'! 




Fig. 65. Fig. 58. 

lantern, (Fig. 56,) consists of numerous pieces, and is much 
more complicated. Still, the five fundameatnl pieces or jaws, 
each of them bearing a tooth at its point, may be recognized, 
as in Scutolla ; only instead of being placed horizontally, 
they form an inverted pyramid. 

213. Among the Mollusks, a few, like the cuttle-fishes. 
B solid jaws or beaks closely resembling 
the beak of a parrot, (Fig. 
57,) which move up and 
down as in birds. But a 
much larger number rasp 
their food by means of a flat 
blade coiled up like a watch- 
spring, the surface of which is covered with innumerable 
minute tooth-like points of a homy consistence, as seen in a 
highly magnilied portion of the so-called tongue of Natica, 
(Fig. 5S, a,) which, however, is only a modification of the 
beaks of cuttle-fishes. 

214. The Articulata are remarkable, as 
I class, for the diversity and complication 
of their ar paratus for taking and dividiog 
their food. In some marine worms. Nereis, 
a pie, the jaws consist of a pair of 
Tig. 59. curved, horny instruments, lodged in a 

sheath, {Fig. 59.) In spiders, these jaws are external, and 
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sometimes mounted on long, jointed slems. Insects which 
masticate their food have, for the most part, at least iwo pairs 
of horny jaws, (B'igs. 60, 61, m,j,) besides several additional 
pieces which serve for seizing and holding their food. 
Those which live on the fluids which they extract either from 
plants or from other animals, have the masticatory organs 
transformed into a trunk or lube for that purpose. This 
trunk is sometimes rolled up in a spiral manner, as in the 
butterfly, (Fig. 64;) or it is stiff, and folded beneath the 




chest, as in the squash-bugs, (Fig. 

piercers of extreme delicacy, {Fig. 6 

the skin of animals or other objects whose juices they extract ; 

or they are prolonged so as to shield the tongue when thrust 

out in search of food, as in the bees, (Fig. 61, (.) The craba 

have their anterior feet transformed into a kind of jaws, and 

several other pairs of articulated appendages performing ex. 




cljsivelj' masticatory functions. Even in the microscopic 
Rotifers, we find very complicated Jaws, as seen in a Brachi- 
oniis, (Fig. 65,) and still more magnified in Fig. 66. But 
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amidst this diversity of apparatus, there is one tiling wliicli 
characterizes all the Arficulata, namely, the jaws always 
naove sideways ; while those of the Vertebrates and Molluska 
move up and down, and those of the Radiata concentrically. 
215. In the Vertebrates, the jaws form a part of the bony 
skeleton. In most of them the 
lower jaw only is movable, and 
is brought up against the upper 
jaw by means of very strong mus- 
cles, the temporal and masseter 
muscles, (Fig. 67, t, m,) which 
tions requisite for seizing and naas- 




ire usually armed with solid cutting 

enveloped in a horny covering, the 
beali, as in the birds and tortoises, 
(Fig. 68.) In some of the whales, 
the true teeth remain concealed in the 
Fig. 63. jaw-bone, and we have instead a range 

of long, flexible, horny plates or fans, fringed at the margin, 
which serve as strainers to separate the minute mariao ani- 
mals on which they feed 
from the wafer drawn in 
with them, (Fig. 69.) 
A few are entirely des- 
titute of teeth, as the 
ant-eater, (Fig. 70.) 
217. Though all the 




I 



nat they all chew their fo d M v w II w 1 p y 
whole ; as most birds, tortoise and w! ales E en many f 
those which are furnished wi h ee h do no nas ca e he r 
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food ; some using ihcm merely for seizing and securing their 
prey, as the lizards, frogs, crocodiles, and the great majority 
of fishes. In such animals, the teeth' are nearly nil alike in 
form and structure, as for instance, in the alligator, (Fig. 71,) 
the porpoises, and many fishes. A few of the latter, some of 




Fig 71 Fig. 72. 

the EajB, for example, have a sort of bony pavement, (Fig. 
72,) composed of a peculiar kind of teeth, with which they 
crush the shells of the moUusks and crabs on which they 



318 The Mammals, however, 
brates which can properly be 
Their teeth are well 
developed, and pre- 
sent great diversity 
in form, arrangement 
and mode of in'^er- 
tion Three kmds 
of teeth are usually 
distinguished m most 
of these animals, 
whatever may be 
iheu mode of life , i 



3 almost the only verte- 
) masticate their food. 




Fig. 73. 

ily, the cutting teeth, indaorg , 
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tusks or carnivorous teeth, canines ; and the grinders, molars, 
(Fig. 73,) The incisors (a) occupy the front of the mouth, 
the upper ones being set io the intermaxillary bones ; they 
are the most simple and the least varied, have generally 
a thin cufting summit, and are employed almost exclusively 
for seizing food, except io the elephant, in which they assume 
the form of largo tusks. The canines (J) are conical, more 
elongated than the others, more or less curved, and only two 
in each jaw. They have hut a single root, like the incisors, 
and in the carnivora become very formidable weapons. In 
the herbivora, they are wanting, or when existing they are 
usually so enlarged and modified as also to become powerful 
organs of offence and defence, although useless for mastica- 
tion ; as in the babyroussa, &c. The molars (c) are the most 
important for ' d' t' th h b't d ' t It 1 f 

the animal ; ! h m d 

shape. Amo gh flry fmh f 

a sharp and f h b h 1 

broad and le 1 m h d d 

Still, when mosd fid hm Ihh 

one charade n m h '>'' g pi 

but double o 1 P 1 1 h ly fi h m 

more firmly, b 1 f m b d h 

jaw in the efforts of mastication. 

219. The harmony of organs already spoken of (22-S4} 
is illustrated, in a most striking manner, by the study of the 
teelh of the mammals, and especially of iheir molar teeth. 
So constantly do they correspond with the structure of the 
other parts of the body, that a single molar is sufficient not 
only to indicate the mode of life of the animal to which i 
belongs and show whether it feeds on flesh or vegetables, or 
both, bit also to determine the particular group to which it is 
related. Thus, those beasts of prey which feed oa insects, 
and which on that account have been called Insectivora, such 
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ind bats, have the molars teiminated by & 




sharp, r.onical points, (Fig. 74,) so arranged that the eleva- 
tions of one tooth fit exactly into the depressions of the tooth 
opposite to it. In the true Carnivora, (Fig. 75,) on llie con- 
trary, the molars are compressed laterally, so as to have 
sharp, cutting edges, as in tho bats ; and they sliut by the 
side of each other, like the blades of scissors, thereby di- 
viding the food with great facility. 

220. The same adaptation is observed in the teeth of her- 
bivorous animals. Those which chew the cud, (ruminants,) 
many of the thick-skinned animals, (paehydermala,) like the 
elpphint and some of the gnawers (rodentia ) like the hare 
(F g 76 ) have 1 e su nm ts of 1 e n olars flat I ke 11 stones 
w th more or ess proni ent r dges for gr nd nc tl o gnsa 
and ka\es oi wh h hey ubs s F nilh tie omn ora 
those wh ch leed on botl flesl and fru t Ike nan and the 
mo kejs ha e le molars ter *>tng n severa rounded 
tubercles be ng tl s adapted to the n lied nat re of the r 
food 

221 Aga n tl p mode n wh ch the molars are comb ned 
w h the can nes and nci&ors f rn f.hes excellent means of 
character z ng faml es and genera E en he ntenalstiuc 
ture of the tee h s so [ ecul ar n each g n p of a ils and 
yet s bjpct o & ch \arnbe r les that t « poss I e to 
de erm ne w h prec s on the general f^rcueofi a la! 
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merely by investigating ilie fragment of a tooth under a mi 
croscope. 

233. Acjther process, subsidiary to digestion, is called 
iRSalivation. Animals which masticate their food have 
glands, in the neighborhood of the mouth, which secrete a 
fluid called saliva. This fluid mingles with the food as it is 
chewed, and prepares it also to be more readily swallowed. 
The salivary glands are generally wanting, or rudimentary, 
or otherwise modified, in animals which swallow their food 
without mastication. After it has been masticated and min- 
gled with saliva, it is moved backwards by the tongue, and 
passes down through the cesophagus, into the stomach. This 
act is called deglutition or swallowing. 

223. The wisdom and skill of the Creator is strilfingly 
illustrated in the means he has afforded to every creature for 
securing the means for subsistence. Some animals have 
no ability to move from place to place, but are fixed to the 
soil ; as the oyster, the polyp, &c. These are dependent for 
subsistence upon such food as may stray or float near, and 
they have the means of securing it when it comes within 
their reach. The oyster closes its shell, and thus entraps its 
prey ; the polyp has flexible arms, (Fig. 77,) capable of 
great extension, which it throws instantly 
around any minute animal that comes in con- 
tact with it. The cuttle-fish, also, has elongated 
Lit the mouth, furnished with r:)oges 
of suckers, by which it secures its prey, 
(Fig 47.) 
234. Some are provided with instruments 
'ig- " fof extracting food from places which would 

be otherwise maccessible. Some of the moUusks, with their 
rasp-hke tongue, (Fig- 56,) perforate the shells of other ani- 
mals, and thus reach and extract the inhabitant. Insects 
have vaiious piercers, suckers, or a protractile tongue for the 
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known tlial they frequently fill the whole cavity of their body 
with water, through the mouth, the tentacles, and pores 
upon the sides, and empty it at intervals through the same 
openings. And thus the aquatic mollusks introduce water 
into special cavities of the body, or between their tissues, 
through various openings, while others pump it into their 
blood vessels, through pores at the surface of their body. 
This is the case with most fishes. 

226 a. Besides the more conspicuous organs above de- 
scribed, there are among the lower animals various micro- 
scopic apparatus for securing their prey. The lassos of polypi 
have been already mentioned incidentally, (223.) They are 
minute cells, each containing a thin thread coiled up in its 
cavity, which may be thrown out by inversion, and extend to 
a considerable length beyond iho sac to which it is at- 
ta h d S h g 
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OP THE BLOOD AND CIRCULATION. 



227. The Dutritive portions of the fooil are pourei into 
the genera! mass of fluid which pervades every part of tlie 
body, out of which every tissue is originally constructed, 
and from time to lime renewed. This fluid, in the general 
acceptation of the term, is called blood ; but it differs greatly 
in its essential constitution in the different groups of the 
Animal Kingdom. In polypi and medusK, it is merely 
chyme, (208 ;) in most raollusks and articulates it is chyle, 
(209 ;) but in vertebrates it is more highly organized, and 
constitutes what la properlv called Blood 

22S The Blood, when examinud bj the microscope, is 
found to con-jist of a transpartnt fluid, the serum, consisting 
chiedj of ^lbumen, hbrin, and water, m which float many 
rounded, somewhat compressed bodies, called blood disks. 




Kg. 78. Fig. 79. Fig. 80. Fig. 81. 

These vary in number with the natural heat of the animal 
from which the blood is taken. Thus, they are more nu- 
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complete circuiE, but emptying into various cavities which 
interrupt their course. 

232. In animals of still higher organization, as tlie verte- 
brates, we find the vital fluid enclosed in an appropriate set 
of vessels, by which it is successively conveyed throughout 
the system to supply nutriment and secretions, and to the 
respiratory organs, where it absorbs oxygen, or, in other 
words, becomes oxygenated. 

233. The vessels in which the blood circulates are of two 
kinds : 1. The arteries, of a firm, elastic structure, which 
may be distended or contracted, according to the volume of 
their contents, and which convey the blood from the centre 
towards the surface, distributing it to every point of the 
body. 2. The veins, of a thin, membra 
structure, furnished within with valves, (Fig. 
82, II,) which aid in sustaining the colut 
blood, only allowing it to flow from the peri- 
phery towards the centre. The arteries con- 
stantly subdivide into smaller and smaller 
branches ; while the veins commence ii 
twigs, and are gathered into branches and larger 
trunks, to unite finally into a few stems, near the 
centre of circulation. 

234. The extremities of thi 
nected by a net-work of extremely 
delicate vessels, called capillary ves- 
sels, (Fig. 83.) They pervade every 
portion of the body, so that almost 
no point can be pricked without 
drawing blood Their office is lo 
distribute the nutntne fluid to the 
organic cells, where all the importint pi 
are performed, inch as the aliment-ition 
organs and tissues, the elabontion of bile, milk, saliva, and 

10* 
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fitlier important products derived from blood, the removal of 
effete particles and the substitution of new ones, and all 
those changes by which the bright blood of the arteries be- 
comes the dark blood of the veins ; and again, in the cells 
of the respiratory organs which the capillaries supply, the 
dark venous blood is oxygenated and restored to the bright 
scarlet hue of the arterial blood. 

235. Where there are blood-vessels ia the lowest animals, 
thp blood is kept in motion by 
the occi-.iunal contraction of 
some of the piincipal \essels, 
as n the worms Insects have 
a hrge vessel runoiog along 
the back, furnished with valves, 
so ai ranged that, when tho ves- 

sel contracts, the blood can 
flow only towards the head, and, being thence distributed to 
the body, is returned again into the dorsal vessel, (Fig. 84,) 
by fissures at its sides. 

236. In all the higher animals there is a central organ, 
the heart, wiiich forces the blood through the arteries to- 
wards the periphery, and receives it again on its return. 
The HEART is a hollow, muscular organ, of a coniea! form, 
which dilates and contracts at regular intervals, independ- 
ently of the will. It is either a single cavity, or is divided 
by walls into two, three, or four compartments, as seen in 
the following diagrams. Tiieae modifications are important 
in their connection with the respiratory organs, and indicate 
the higher or lower rank of an animal, as determined by the 
quality of the blood distributed in those organs. 

237. In the mammals and birds the heart is divided by a 
vertical partition into two cavities, each of which ia again 
divided into two compartments, one above the other, as seen 
in the diagram, (Fig. 85.) The two upper cavities are called 
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) lower ventricles. Eeplilns have two 




auricles and one ventricle, (Fig. 86.) Fishes have one aufi- 
cle and one ventricle only, (Fig. 87.) 

238. The auricles do not communicate with each other, 
in adult animals, nor do the ventricles. The former receive 
the blood from the body and the respiratory organs, through 
veins, and each auricle sends it into the ventricle beneath, 
through an opening guarded by a valve, to prevent its reflux ; 
while the ventricles, by their contractions, forct, the blood 
through arteries into the lungs, and llirouf,h the body gen- 

239. The two auricles dilate at the s'»mo instint, and also 
contract simultaneously , so also do the vent ncles These 
successive contractions and d latations constitute the pulsa- 
tions of the heart. The contraction is called "yttole, and the 
dilatation is called diastole Each pulsation consists of two 
movements, the diastole oi diktat oa of tho lenlncles, 
during which the am cles contract, and llie systole or con- 
traction of the ventricles, ■«hile the auricles ddate The 
frequency of tlie pul^ varies in diffeient animals, and even 
in the same animal, according to its age, sex, and the degree 
of heallh. In adult man, they are commonly about seventy 
beats per minute. 

240. The course of the blood in those animals which have 
four cavities to the heart is as follows, beginning with the 
left ventricle, (Fig. 85, /. v.) By the contraction of this 
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ventricle, the blood is driven through the main arterial trunk, 
called the aorta, (Fig. 90, a,) and is distributed by its 
branches thuughout the body ; it is then collected by the 
veins, carried back to the heart, and poured into the right 
auricle, (Fig. 85, r a,) which sends it into the right ventricle 
rv.) The right ventricle propels it through another set of 
arteries, the pulmonary arteries, {Fig. 90, jj,) to the lungs, 
(Z;) it is there collected by the pulmonary veins, and con- 
veyed to the left auricle, {Fig. 85, I a,) by which it is returned 
lo the left ventricle, thus completing the circuit. 

241. Hence the blood in performing its whole circuit 
passes twice through the heart. The first part of this cir- 
cuit, the passage of the blood through the body, is called 
1hfi great circulation , and the second part, the passage of 
the blood through the lungs, is the lesser or pulmonary cir- 
culation : this double circu\t is said to be a complete circu- 
lation. In this case the heart may be juotly regarded as 
two hearts conjoined, and in fact the whole of the lesser cir- 
culation intenenes in the passage of the blood from one side 
of the heart to the other, except that during the embryonic 
period there is an opening between the two auricles, which 
closes as soon as respiration commences. 

242. la reptiles, {Fig. 86,) the venous blood from the 
body is received into one auricle, and the oxygenated blood 
from the lungs into the other. These throw their contents 
into the single ventricle below, which propels the mixture in 
part to the body, and in part to the lungs ; hut as only the 
smaller portion of the whole quantity is sent to the lungs in 
a single circuit, the circulation is said to be incomplete. In 
ihe Crocodiles, the ventricle has a partition which keeps sep- 
arate the two kinds of blood received from the auricles ; but 
the mixture soon takes place by means of a special artery, 
which passes from the pulmonary artery to the aorta. 

243. In fishes, (Fig. 87,) the blood is carried directly 
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ft m the i=nti cle to the gilh, whirh are iheir chief respir- 
atory organ'', thciico it passes into irtenes for diatribution 
to the ^vslem in generil, and returns hy the \emsto the 
Tiiicle Heie the blood m ifs circuit, pawes but once 
ihraugh the heart , but the heart of a fish correspond* 



I rnimmal 

le] for the gills : 
I have but s 



e hilf of 



erlheless to the heait of a 
It, as has often been n 

344 Crabs and other c 
cle, without an auricle 
In the molIusTi=, there w 
1 kewise but a s iiglc len 
tricle, as in Natita, (Fig 
88, h.) Some have in 
addition one or two auri- 
cles. These auricles are 
sometimes so disjoined ^S- 88. 

as to form so many isolated hearts, as in the cuttle-fish. 
Among Radiata, the sea-urchins are provided with a tubular 
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OF KESPIBATION. 



S45. Foa the maintenance of its vital properties, the 6Iood 
must be submitted to the influence of the air. This is true 
of all animals, whether they live in the atmosphere or in the 
water. No animal can survive for any considerable period 
of time without air , and the h ^her ao mala almost instantly 
die wiien deprived of it It is the office of eespieation to 
bring the blood int^ communication with the air 
216. Among animals wh eh breathe m the open air, 
le haie a serits of tubes bnnching 
j-jlBilL ii'iough the interior of the bodv, called 

wajfsk trachea (Fig 89, t) oj enmg externally 

[ Jiaao\ j upon the «idcs of the body by small aper- 

tures, called bUgmala, {s , ) as in insects 
and in some spiders. But the most com- 
a mode of respiration is by means of 
I pair of peculiar spongy or cel- 
ans, in the form of large pouches, 
re the more complicated in pro- 
o the quantity of air to be con- 

, ihey 




Lungs, ( 
■which a 



247, In the lower vertebrata, provided with h 
form a single organ ; but in the higher classes lliey are in pairs, 
placed in ibe cavity formed by the ribs, one on each side of 
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the vertebral column, and enclosing the heart (h) between 
ihem, (Fig. 90, 1 1.) The lungs commuiiieate with the atmos- 
phere by means of a lube eomposed of cartilaginous rings 
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and the ribs are allowed to subside, the cavity is again dimin- 
ished, and the air expelled. These movements are termed 
inspiration or inhalation, and expiration. The spongy pul- 
monary substance being thus distended by air, the blood sen, 
from the heart is brought into such contact with it as to allow 
the requisite interchange to take place, (235.) 

249. The respiration of animals breathing in water is ac- 
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different apparalus. The air is lo be 

derived from the water, in which 

less is always diffused. 

The organs fof this purpose are 

called hrancMfR or gills, and are 

plumes floating outside of the body, 

as in some of the marine wi 

{Fig, 33,) and many mollusks, (Fig. 

91, g;) or they consist of deh- 

combs and brushes, as in f 
(Fig. 92,) crabs, and most mollusks, 
(Fig. 88, g.) These gills ai 
r^g. 92. ways so situated that the water has 

free access to them. In the lower aquatic animals, such as 
the polypi, and some jelly-fishes and mollusks, respiration 
takes place by the incessant motions of vibratory cilia, which 
fringe both the outside and the cavities of the body ; the cur- 
rents they produce bringing constantly fresh supplies of water, 
containing air, into contact with the respiratory surface. 

250. Many animals living in water, however, rise to the 
surface and breathe the atmosphere there, or are furnished 
with the means of carrying away a temporary supply of air, 
whilst others are furnished with reservoirs in which the blood 
requiring oxygenation may be accumulated, and their stay 
under water prolonged. This is the case with the seals, 
whales, tortoises, frogs, many insects and mollusks, &c. 

251. The vivifying power of the air upon the blood is due 
to its oxygen. If an animal be confined for a time in a 
closed vessel, and the contained air be afterwards examined, 
a considerable portion of its oxygen will have disappeared, 
and another gas of a very different character, namely, car- 
bonic acid gas, will have taken its place. The essential 
office of respiration is to supply oxygen to the blood, at the 
same time tiiat carbon is removed from it. 
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252. An immediately obvious effect cf respiration in the 
red-blooded animals is a change of color; tlie blood, in 
passing through the respiratory organs, being changed from 
a very dark purple to a bright scarlet. In the great circula- 
tion (241) the scarlet blood occupies the arteries, and is usu- 
ally called retf Uood^ in contradistinction from the venous 
blood, which is called hlack blood. In the lesser circulation, 
on the contrary, the arteries carry the dark, and the veins 
the red blood. 

253. The quantity of oxygen consumed by various ani- 
mals in a given lime has been accurately ascertained by ex- 
periment. It has been found, for instance, that a common- 
sized man consumes, on an average, about 150 cubic feet in 
twenty-four hours; and as the oxygen constitutes but 21 per 
cent, of the atmosphere, it follows that he inhales, during a 
day, about 700 cubic feet of atmospheric air. In birds, the 
respiration is still more active, while in reptiles and fishes it 
is much more sluggish. 

254. The energy and activity of an animal is, therefore 
somewhat dependent on the activity of its respiration. Thus 
the toad, whose movements are very sluggish, respires much 
more slowly than the mammals, birds, and even insects ; and 
it has been ascertained that a butterfly, notwithstanding its 
comparatively diminutive size, consumes more oxygen than 
a toad. 

255. The circulation and respiration have a reciprocal in- 
fluence upon each other. If the heart be powerful, or if 
on violent exercise a more rapid supply of blood to repair 
the consequent waste is demanded, (201,) respiration must be 
proportionally accelerated to supply air to the greater amount 
of blood sent to the lungs. Hence the panting occasioned by 
running or other unusual efforts of the muscles. On the 
other hand, if respiration he hurried, the blood is rendered 
more stimulating by greater oxygenation, and causes an ac- 

11 
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celeration of the circulation. The quantity of air consumed 
varies, therefore, with the proportion of the blood which la 
sent to the lungs. 

256. The proper temperature of aa animal, or what is 
termed animal heat, depends on the combined activity of 
the respiratory and circulating systems, and is ia direct pro- 
portion to it. In many animals the heat is maintained at a 
uniform temperature, whatever may be the variations of the 
surrounding medium. Thus, birds maintain a temperature 
of about 108° Fahrenheit ; and in a large proportion of mam- 
mals it is generally from 95° to 105°. These bear the 
general designation of warmrhlooded animals 

267. Reptiles, fishes, and most of the st 11 lo er an mals 
have not this power of maintaining a un form temperature 
The heat of their body is always as o as f u 3j o oO 
but varies perceptibly with the surround ng mod u m be ng 
often, however, a little above it whei he external te pera 
ttire is very low, though some may be frozen v tl o 1 1! e loss 
of life. For this reason, they ar« denom na ed coli blooded 
animals ; and all animals which have lucl a itr c ure of 
the heart that only a part of the blood which enters it is sent 
to the respiratory organs, are among them, (243.) 

258. The production of animal heat is obviously connected 
with the respiratory process. The oxygen of the respired 
air is diminished, and carbonic acid takes its place. The 
carbonic acid is formed in the body by tiie combination of 
the oxygen of the air wilh the carbon of the blood. The 
chemical combination attending this function is, therefore, 
essentially the same as that of combustion. It is thus easy 
to understand how the natural heat of an animal is greater, 
in proportion as respiration is more active. How far nutri- 
tion in general, and more particularly assimilation, by which 
the liquid parts are fixed and solidified, is connected wilh the 
maintenance of the proper temperature of animals, and the 
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uniform di'^tnbulion of heat through the body, his not yel 
been satisfactoi ilv ascertamed 

259 Some of the higher warm blooded inimals do not 
maintain their ele\ited temperature during the whole year ; 
but pa'JS the wmier xn i sort of It ihargv called hibernation, 
or the hibernating sleep The marmot, the bear, the bat, 
the crocodile, and most reptiles, turnish examples Duiing 
this state the animal takes no food , and as it respiies only 
after \er\ prolonged mtervala, its heat is diminished, and its 
vital functions generally are murh reduced The structural 
cause of hibernation la not ascertained , but the phenomena 
attendmg it tuUy illustrate the laws already stated, (254-8.) 

260 There ib another point of new in which respiration 
should be considered, namely, with reference to the buoy- 
ancy of animals, or ihcir power of ri'.ing in the atmosphere, 
and their abdity to live at different deptlis in the watei, under 
a diminished or increased pressure The organs of res- 
piration of birds ind insects are remarkably adapted for the 
purpo^ie of admitting at will a gioater quantity of air into 
their body, the birds being provided with large pouches ex- 
tending from the lung-, into the abdominal cavity and into 
the bones of the wing In insects the whole bcdy is pene- 
trated by air tubes, the ramifications of then trachea, which 
are enlarged at intervals into wider cells, whilst most of the 
aquatic animals are providi-d with minufe, almost micro- 
scopic tubes, penetrating from the surface into the substance, 
or the cavities of the body, admitting water into the mterior, 
by which they thus adapt their whole system to pressures 
which would othcnvise crush them. These tubes may with 
propriety be called water-tubes. In fishes, they penetrate 
through the bones of the head and shoulder, through skin 
and scales, and communicate with the blood vessels and 
heart, into which they pour water ; in molhisks they are 

■ I the fleshy parts, as, for example, in the 
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foot, which they help to disfend, and communicate with the 
main cavity of the body, supplying it also with liquid ; in 
echinoderms they pass through the skin, and even through 

250 a. In order fully B appreciate the homologies between the 
various respiratory appat »tu3 obscryod in different aniroals, it is ne- 
cessary to resort to a strict oomparison of the fundamental connec- 
tions of these organs with the whole system of organization, rather 
than to the consideration of their special adaptation to the elements 
in which they live. In Vertebrates, for inatancc, there are two sets 
of distinct respiratory organs, mojo or less developed at different pe- 
riods of life, or in different groups. All Vertebrates, at first, have 
giila arising firom the sides of the head, and directly Supplied with 
blood from the heart ; but these gills are the essential organs of res- 
piration only in, fishes and some reptiles, and gradually disappear 
in the higher reptiles, as well as in birds and Mammalia, towards 
the close of their embryonic growth. Again, all Vertebrates have 
lungs, opening in or near the head ; but the lungs are fully devel- 
oped only in Mammalia, birda, and the higher reptiles, in propor- 
tion as the branchial respiration is reduced ; whilst in fishes the aii- 
bladdec constitutes a rudimentary lung. 

260 4. In Articulates, there are also two sorts of respiratory or- 
gans ; aerial, called tracheie in insects, and lungs in spiders ; and 
ac[uatic, in Crustacea and worms, called gills. But these trachese and 
lungs open separately upon the two sides of the body, (air nevar 
being admitted through the mouth or nostrils in Articulates ;) the 
gills are placed in pairs ; those which are like the traohete occupying 
a similar position, so that there are nearly as many pairs of trachese 
and gills as there are segments iu these animals, (Figs. S9 and 33.) 
The difierent respiratory organs in Articulates are in reality mere 
modifications of the same apparatus, as their mode of formation and 
successive metamorphoses distinctly show, and cannot be compared 
with either the lungs or gills of Vertebrates ; they are special organs 
cot found in other elasses, though they perform the same functions. 
The same may be said of the giUs and lungs of mollusks, which 
are essentially alike in structure, the lungs of snails and slugs being 
only a modification of the gills of aquatic mollusks ; but these two 
kinds of organs differ again in their structure and relations from the 
bacheie and gills of Artjculates, as much as from tlie lungs and gillB 
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the hard shell, whilst in polyps fhey perforate the walls of 
the ge.ieral cavity of the body, which they constantly fill 



of Vertebratea. In those Eadiatos which, are provided with distinct 
reepirtitory organs. Bach, as the Echinoderms, we find stiU another 
typical structure, their gills forming Ijunolies of fringes around tha 
moutli, or rows of minute Teaiclea along the radiating segments of 
the body. 

11* 
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263. In the higher animals, where 
separate organs for special purposes are 
multiplied, numerous sacs and tubes are 
assembled into compact masses, called 
glands. Some of these are of large size, 
such as the salivary glands, the kidneys, 
and tie liver. In those, clusters of sacs 
open into a common canal, and this canal 

unites with similar ones forming larger trunks, such as we 
find ia the salivarj' glands, (Fig. 93,) and finally they all 
discharge by a single duct. 

264. By the organs of secretion, two somewhat different 
purposes are effected, namely, fluids of a peculiar character 
are selected from the blood, for important uses, such as the 
saliva, tears, milk, &c.,some of which differ but little in 
their composition from that of the blood itself, and might 
be retained in the blood with impunity ; or, the fluids 
selected are such as are positively injurious, and cannot 
remain in the blood without soon destroying life. These 

atter are usually termed Ekcretioms. 

265. As the weight of the body, except during its period 
of active growth, remains nearly unif m f 11 1 
must daily lose as much as it receive 1 d h 
excretions must equal in amount the f d d d ink k 
with the exception of the small propor d h d by h 
alimentary canal. Some of the mo m f 
outlets will he now indicated. 

366. We have already seen (37) h II ml 

admit of being traversed by liquids and g Th I 

transmission of fluids from one side f m b h 

other is termed endosmosis and e:cosm b b d 
transudation, and is a mechanical, ra h 

ich as it takes place d d 11 as n 
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living tissues. Tlie b! od I p lly he capillaries, 
share this property, H p f h -cuhling flitida 

escape through the w 11 f h I d pass off at the 

surface. This supe f 1 1 d halation. It is 

most active where th bl d 1 b d, and accord- 

ingly is very coplou from the air tubes of the lungs and 
from the skin. The loss in this way is very considerable ; 
and it has been estimated that, under certain circumstances, 
the body loses, by exhalation, five eighths of the whole weight 
of the substances received into it. 

267. The skin, or outer envelop of the body, is otherwise 
largely concerned in the losses of the body. Its layers 
are constantly renewed by the tissues beneath, and the 
outer dead layers are thrown olT, This removal is some- 
times gradual and continual, as in man. In fishes and many 
moUusks, it comes off in the form of slime, which is, in fact, 
composed of cells detached from the surface of the skin. 
Sometimes the loss is periodical, when it is termed moulting. 
Thus, the mammals cast their ha r, and the deer their horns, 
the birds their feathers, the serpents their skins the crabs 
their test, the caterpillars the r outer envelop, with all the 
hairs growing from it 

268. The skm presents such a variety of structure in the 
different groups of animals as to turnish excellent distinctive 
characters of species, genera, and e\en families, as will 
hereafter be ';hown In the vertebrates we may recognize 
several distinct h^ers of unequal thickness, as may be 'pen 
in figure 94, which represents a magnified section of the 
human skin traversed by the sudoriferous canal*' The 
lower and thickest laver, (a,) is the cutis or true skin and 
is the part which is tanned into leather Its suifare presents 
numerous p^plUfe, in wh ch the nerves of general sensation 
terminate ; tney also coataia a fine network of b 
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usually termed the tyascular layer. The 
superficial layer (c) is the epidermis, 
or cuticle. The cells of which it is com- 
posed are distinct at its inner portion, 
but become dried and flaftcned as ihey 
pushed outwards It is supplied with 
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luaks, It IS no less prepoaderanl. In the gasteropoda, like the 
suail, it envelopes the intestine in its convolutions, (Fig. 52 ;) 
and in the acephala, like the clam and oyster, it generally 
surrounds the stomach. In insects it is found in the shape of 
long tubes, variously contorted and interlaced, (Fig. 51.) In 
the Radiata, this organ is largely developed, especially 
etnoQg the echlnoderms. In the star-fishes 't extends into 
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ingredienfs of ihe urine are capable of assuming solid, crys- 
■talline forms; and, in some animals, as in reptiles and 
birds, the whole secretion of the kidneys is solid. In most 
cases, however, the urinary salts are largely diluted with 
water ; and, as the lungs and liver are supplementary to 
each other in the removal of carbon, so the lungs, the kid- 
neys, and the skin mutually relieve each other in the removal 
of the watiry por.ions of the blood. 
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EMBEYOLOGY. 

SECTION I 



271. The functions of vegetative life, of which we nave 
treated in tlie preceding chapters, namely, digestion, circu- 
lation, respiration, and secretion, have for their end the pres- 
ervation of the individual. We have now to treat of the 
functions that serve for the perpetuation of the species, 
namely, those of reproduction, (200.) 

272. It has been generally admitted that animals as well 
as planis are the offspring of individuals of the same kind ; 
and vice versa, that none of them can give birth to individ- 
uals differing from themselves ; but recent investigations 
have modified to a considerable extent this view, as we shall 

273. Reproduction in animals is almost universally accom- 
plished by the association of individuals of two kinds, nidles 
e.nd females, living commonly in pairs or in flocks, each of 
them characterized by peculiarities of structure and external 
appearance. As this distinction prevails throughout the ani- 
mal kingdom, it is always necessary, if we would obtain a 
correct and complete idea of a species, to take into account 
the peculiarities of both sexes. Everyone is familiar with the 
differences between the cock and the hen, the lion and the 
lioness, &o. Less prominent peculiarities are observed in 
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most Vertebrates. Among Articulata, the differences are no 
less striking, the males being often of a different shape and 
color, as in crabs, or having even more complete organs, as 
in maay tribes of insects, where the males have wings, while 
the females are destitute of them, {Fig. 147.) Among mol- 
lusks, the females have often a wider shell 

274 E\en higher distmclions than specific ones are based 
upon pecuhanties of the sexes, for example, the whole 
class of Mammalia is characterized by the fact that the 
female is furnished with organs for nouri'shing her joung 
with a peculiar hquid, the milk, secreted by herself Agiin, 
the Marsupial, such as the opossum aad kangaroo, ■ire dis- 
tnguishcd by the ciicumstance that the female has a pouch 
into which the young aie receded m their immature con- 
dition at birth 

275 That all animals are produced tiom eggf, {Omne 
mvum ex obo,) is an old adage in Zoologj , which modern 
researches have fully confirmed. In tiacmg back the phages 
of animal life, wo invariably arrive at an epoch when the 
incipient animal is enclosed within an egg. It is then called 
an embryo, and the period passed in this condition is called 
the embryonic period, 

276. Before the various classes of the animal kingdom 
had hetn attentively studied during the embryonic period, 
all animals were divided into two great divisions : the ovip- 
arous, comprising those which lay eggs, such as birds, 
reptiles, fishes, insects, moUusks, &c., and the viviparous, 
which bring forth their young alive, like the mammalia, and 
a few from other orders, as the sharks, vipers, &c. This 
distinction lost much of its importance when it was shown 
that viviparous animals are produced from eggs, as well as 
llie oviparous ; only tliat their eggs, instead of being laid 
before the development of the embryo begins, undergo their 
•jarly changes in the body of the mother. Production from 
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eggs should, therefore, be considered as a universal charac- 
teristic of the Animal Kingdom. 

277. Form of the Egg. — The general form of the egg 
is more or less "iphencal The eggs of birds have the form 
of an elongated sphero d nir o v at one end ; and thia 
form is so constant, that the term aval has been universally 



adopted to des gnate it But this is by 
form of the e^gs of other animals 
In most instances, on the contra 
ry, ihey a 



s the usual 



among the Ic 
have singular 
of the skates 
a hand-barro' 




Fig. 97. 
r prismatic ; and 



5 spherical, especially 
lower animals. Some 

ippendages, as those 

and sharks, (Fig. 95,) which e 

', with four hooked horns at the 
eggs of the hydra, or fresh water 
polyp, are thickly covered with 
prickles, (Fig. 96.) Those of 
cerlaia insects, the Podurella, for 
example, are furnished with iila- 
menis which give them a hairy 
aspect, (Fig. 97;) others are cylindrical o 
frequently the surface is sculptured. 

278. Formation of ike Egg. — The egg originates within 
peculiar organs, called ovaries, which are glandular bodies, 
usually situated in the abdominal cavity. So long as the 
eggs remain in the ovary, they are very minute in size. In 
this condition they are called crearian, or primitive eggs. 
They are identical in all animals, being, in 
fact, merely little cells {v) containing yolk, 
(y,) and including other smaller cells, the 
germinalive vesicle, (g,) and the germinative 
dot, (d.) The yolk itself, with its membrane, 
(u,) is formed while the egg remains in the 
ovary. It is afterwards enclosed in another 
envelope, the shell membrane, which may remain sofi, (s,) 
12 
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or 1)6 further surrounded by calcareous deposits, the she!', 
proper, (Fig. 101, s.) The number of these eggs is large, in 
proportion as the animal stands lower in the class to which 
it belongs. The ovary of a herring contains more than 
25,000 eggs ; while thai of birds contains a much smaller 
number, perhaps one or two hundred only. 

279. Ovulation. — Having attained a certain degree of 
maturity, which varies in different classes, the eggs leave 
the ovary. This is called ovulation, and must not be con- 
founded with the laying of the eggs, which is the subsequent 
expulsion of them from the abdominal cavity, either imme- 
diately, or through a special canal, the oviduct. Ovulation 
fakes place at certain seasons of the year, and never be- 
fore the animal has reached a particular age, which is 
commonly that of its full growtli. In a majority of species, 
ovulation is repeated for a number of years consecutively, 
generally in the spring in terrestrial animals, and frequently 
several times a year ; most of the lower aquatic animals, how- 
ever, lay their eggs in the fall, or during winter. In others, 
onthecontrary, it occursbutonce during life, at the period of 
maturity, and the animal soon afterwards dies. Thus the but- 
terfly and most insectsdie, shortly after having laid their eggs. 

280. The period of ovulation is one of no less interest to 
the zoologist than to the physiologist, since the peculiar 
characteristics of each species are then most clearly marked. 
Ovulation is to animals what flowering is to plants ; and, 
indeed, few phenomena are more interesting to the student 
of nature than those exhibited by animals at the pairing 
season. Then their physiognomy is the most animated, 
their song the most melodious, and their attire the most 
brilliant. Some birds appear so different at this time, that 
zoologists are always careful to indicate whether or cot a 
bird is represented at the breeding season. Fishes, and 
many other animals, are ornamented with much brighlei' 
colors at this period. 
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281 Laying — After leaving thg ovary, the eggs are 
either d si.lnrged from the auiraal, that is, laid, or they 
continue their development withm the pirent animal, as is 
the case in &ome fishes and repi les, as shirks and vipers, 
which, for thit leason, have been named oio viviparous 
animals The eggs oi ihe mammalia are not only developed 
wilhin llie mother, but become intimately united to her ; this 
peculiar mode of development has received the name of 
gtUation. 

282. Eggs are sometimes laid one by one, as in birds ; 
sometimes collectively and in great numbers, as in 
the frogs, the fishes, and most of the invertebrates. b^ 
The queen ant of the African termites lays 80,000 ^^ 
egga in twenty-four hours ; and the common hair- s^ 
worm, (Gordius,) as many as 8,000,000 in less than Si 
one day. In some instances they are united in ^p 
clusters by a gelatinous envelop ; in others they are -pia 99 
enclosed in, cases or between membranous disks, 
forming long strings, as in the eggs of the Pyrula shell, (Fig. 
99.) The conditions under which the egga 
of difTereat animals are placed, on being laid, 
are very different. The eggs of b' ds and of 
some insects, are deposited in ne ts con c ed 
for that purpose by the parent, 
cany the'r eggs attached t 
so e mes under the tail, as 
and crabs sometimes hanging i 
d es o both sides of the tail a 
noculus {F g. 100, a.) 

283 So le toads carry them 
most extraordinary, it is the m 
office. Many mollusks, the U 
enclosed between the folds of 1 o g lis i 
li" ihe jelly fishes and polyps he hang 
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outside, (Fig, 77, o,) or inside, at the bottom of the cavity 
of the body. Some insects, such as the gad-flies, deposit 
their eggs on other animals. Finally, many abandon their 
eggs to the elements, taking no further care of them after 
they have been laid ; such is the case with most tislies, some 
msects, and many mollusks. As a genera! ruie, it may be 
said that animals take the more care of their eggs and brood 
as they occupy a higher rank in their respective classes. 

284. The development of the embryo does not always 
take place immediately after the egg ]« Hid A considera- 
ble time, even, may elapse before it commences Thus the 
first eggs laid by the hen do not btgin to dpielop until the 
whole number which is to constitute the brood is deposited 
The eggs of most butterflies, and of insects in gener-il, are 
laid in autumn in temperate climates and remain unchinged 
Elf D g h , the principle 

f 1 f h gg b mply inactive, or in 

a 1 Tl y f I f d played m a st II 
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ostrich often contents herself with deposiUng her eggs la 
sand of the desert, lea -ing them to b6 hatched by the sun. 
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like manner, the eggs of most birds may be hatched by main- 
lainitig them at the proper temperature by artificial means. 
Some fishes are also known to build nests and to sit upon 
their .;ggs, as the sticklebacks, suu-hshes, and cal-fishes ; but 
whether they impart heat to them or not, is doubtful. 

Before entering into the detaih of embryonic transfor- 
mations, a tew words are necessary respecting the composi- 
(ion of the egg. 

286. Composition of the Egg. — The egg L 
of several substances, varying in structure, as 
appearance. Thus, in a hen's egg, (Fig. JOl,) h 
a calcareous shell, (i,) lined by a double membra 
membrane, (m;) then an albu b n 
(a,) in which several layers m y he d g 
this we find the yolk, (y,) en d 
before it was laid, there was i h n d 
nute vesicle, the germinalive i (F 9t 
a still smaller one the germinative dot. [d.) 
parts are not equally mportint in a 
phys olog cal po t of v ew Tl e 
most conspcuous of them ni e v ^ 
the &1 ell and the v! le are not es 
se al p^rls and 1 erefore 'ire often 
wan ng wh e the >oik tie ger 
m at vo vescle and t e germ i 
1 e dot are fo nd 1 e eggs of 
all animals , and out of these, and of these only, the germ is 
formed, in the position shown by Fig. 101, e. 

287. The vttellus or yolk (Fig. 101, y) is the most essen- 
tial part of the egg. It is a liquid of variable consistence, 
sometimes opaque, as n le e^gs of birds, sometimes trans- 
parent ami colorless s n he e gs of some fishes and 
moUusks. On exam a on u d r 1 e microscope, it appears 
to be composed of an ice m on of granules and oil-drops. 

12* 




Fig. 101. 
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The yolk is surrounded by a very thin skin, the vitelline 
membrane, (Fig. 9S, v.) In some insects, when the albumen 
is wanting, this membrane, surrounded by a layer of pecu- 
liar cells, forms iho exierior covering of the egg, which, in 
such cases, is generally of a firm consistence, and sometimes 

288. The germinative vesicle (Fig. 98, g) is a cell of ex- 
treme delicacy, situated, in the young egg, near the middle 
of the yolk, and easily recognized by the greater transpar- 
ency of its contents when the yolk is in aorae degree opaque, 
as in the hen's egg, or by its outline, when the yolk itself is 
transparent, as in eggs of fishes and mollusks. It contains 
one or more little spots, somewhat opaque, appearing as 
small dots, the germinal dots, (d.) On closer examination, 
these dots are themselves found to contain smaller nucleoli. 

289. The albumen, or while of the egg, (Fig. 101, o,) is 
a viscous substance, generally colorless, but becoming 
opaque white on coagulation. Voluminous as it is in birds' 
eggs, it nevertheless plays but a secondar) pa n he h o 
ry of their development. It is not fo med he o ary ke 
the yolk, but is secreted by the oviduc and d pos ed a ound 
the yolk, during the passage of the egg h ough h ana 
On tills account, the eggs of those an a s he o 
duct is wanting, are generally witho h a b men In 
birds, the albumen consists of sevcra ajers one of h 
the chalazce, (c,) is twisted. Like tl yo k e b n en s 
surrounded by a membrane, the shell nh one (n ) h b 
is either single or double, and inb sasaonsne 
reptiles and mollusks, is again protec ed by a a a s 
covering, forming a true shell, (s.) In mos c b w 
ever, this envelop continues membrano s pa c a n he 
eggs of the mollusks, most crustaceans and fis es sa a na 
ders, frogs, &c. Sometimes it is ho ny as n 1 e sha ka 
and skates. 
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290. The formation and development of the young ani- 
mal within the egg is a most mysterious phenomenon. From 
a hen'a egg, for example, surrounded by a shell, and com- 
posed, as we have seen, (Fig. 101,) of albumen and yolk, 
with a minute vesicle in its interior, there is produced, al the 
end of a certain time, a living animal, composed apparently 
of elements entirely different from those of the egg, en- 
dowed with organs perfectly adapted to the exercise of all 
the functions of animal and vegetative life, having a pul- 
sating heart, a digestive apparatus, organs of sense for the 
reception of outward impressions, and having, moreover, the 
faculty of performing voluntary motions, and of experi- 
encing pain and pleasure. These phenomena are certainly 
sufficient to excite the curiosity of every intelligeat person. 

291. By opening eggs which have been subjected to incu- 
bation during different periods of lime, we may easily satisfy 
ourselves thai these changes are effected gradually. We 
thus find that those which have undergone but a short incu- 
bation exhibit only faint indications of the future animal ; 
while those upon which the hen has been sitting for a 
longer period include an embryo chicken proportionally 
more developed. Modern researches have taught us that 
these gradual changes, although complicated, and at first 
sight so mysterious, follow a constant law in each great 
division of the Animal Kingdom. 

292. The study of these changes constitutes that peculiar 
branch of Physiology called Embryology. As there are 

I tie foui' great departments of the Animal 
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gl 1 fEb]f,y f myh 

reference fo Zoologj. 

293. In order to understand the successive steps of em- 
bryonic development, we must bear in mind thai the whole 
animal body ia formed of tissues, the elements of which are 
cells, (39.) These cells, however, are more or lesa diversi- 
fied and modiiied, or even completely metamorphosed in the 
full gro^vn animal ; but, at the commencement of embry- 
onic life, the whole embryo is composed of minute cells of 
nearly the same form and consistence, originating within the 
yolk, and constantly undergoing changes under the influence 
of life. New cells are successively formed, while others 
disappear, or are modified and so transformed as to become 
hones, muscles, nerves, &c. 

294. We may form some idea of this singular process, 
by noticing bow, in the healing of a wound, new substance 
is supplied by the transformation of blood. Similar changes 
take place in the embryo, during its early life ; only, instead 
of being limited to some part of the body, they pervade the 
whole animal. 

295. The changes commence, in most animals, soon after 
the eggs are laid, and are continued without interruption 
until the development of the young is completed; in others, 
birds for example, they proceed only to a certain extent, and 
are then suspended until incubation takes place. The yolk, 
which at first consists of a mass of uniform appearance, grad- 
ually assumes a diversified aspect. Some portions become 
more opaque, and others more transparent; the germinal 
vesicle, which was in the midst of the yolk, rises to its upper 
prirt where the germ is to be formed. These early changes 
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~98. At this earlj epoch, namelj, a few dajs, and some 
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Fig. 102. Fig, 103. 



• In the Birds and higher reptiles we find, in the mature egg, a peculiar 
organ, called eicatileula, which may, neTertheless, haye been formed by 
a similar process before it was laid. 
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of very minute cells, all of which are alike in appearance 
and form, (Fig. 102,^.) But soon after, as ihe germ increases 
in thicuness, several layers may be discerned, in vertebraled 
animals, (Fig. 103,) which become more and more distinct. 

299. The upper layer, (s,) in which are subsequently 
formed the organs of animal life, namely, the nervous sys- 
tem, the muscles, the skeleton, &c., (59,) has received the 
name of serous or nervous layer. The lower layer, (m,) 
which gives origin to the organs of vegetative life, and espe- 
cially to the intestines, is called the mucous or vegetative 
layer, and is generally composed of larger cells than those 
of the upper or serous layer. Finally, there is a third 
layer, (d,) interposed between the two others, giving rise to 
the formation of blood and the organs of circulation ; whence 
it has been called blood layer, or vascular layer. 

300. From the manner in which the germ is modified, we 
can generally distinguish, at a very early epoch, to what de- 
partment of the animal kingdom an individual is to belong. 
Thus, in the Ariiculata, the germ is divided into segments, 

indicating the transverse divisions 
^^m^ ^m^^ of t^is body, as, for example, in the 
^t^k A|A embryo of the crabs, (Fig. 104.) 
^E 9 Itl^P "^^^ ^^^"^ °^ ^^^ vertebrated ani- 
^K^v ^|I^F mals, on the other hand, displays 
^■^ ^^ a longitudinal furrow, which marks 

Fig. 104. Fig. 103. (||g position the future back-bone 
is to occupy, (Fig, 105.) 

301. The development of this furrow is highly important, 
a' indicating the plan of structure of vertebrated animals in 
general, as will be shown by the following figures, which 
represent vertical sections of the embryo at dilTerent epochs.* 
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At first the furrow (Fig. 106, i) is very shallow, and a lit- 



Pig. 108. Fig. 107. Fig. 108. 

tie transparent, narrow band appears under it, called the 

primitive stripe, (a.) The walls of the furrow consist of two 

raised edges formed by a swelling of the germ along both sides 

f p m pe. Gradually, these walls grow higher, 

d p their summits have a tendency to ap- 

p h 1 h s seen in Fig. 107 ; at last they meet 

d mpl ly, so that the furrow is now changed 

1 d 1 (Fig. 108, h.) This canal is soon filled 

w h I 1 Id, from which the spinal marrow and 

h f m a later period. 

30 Th p m e stripe is gradually obliterated by a 
pi g f cartilaginous nature, the dorsal cord, 

{ d h 1 wall of the dorsal canal. This is found 

m h b f 11 vertebrates, and is the representative 

f h b k b In the mean time, the margin of the 

g m g d lly nds farther and farther over the yolk, so 
fi llj los it entirely, and form another cavity in 

wh 1 h g f vegetative life are to be developed. 

Th h mb j f vertebrates has two cavities, namely, 
h h h is very small, containing the t 

wer, which is much larger, for the 



system, and the li 
tmes (161) 
303 In all cla 



of the Animal Kingdom, the embryo 
pon the yolk, and covers it like a cap. But 
bj I h ch its edges approach each other, and 
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unite to form the cavity of the body, is very unhke i 
fcrent animals; 




the back, 



dif 
i these several modes 
are of high importance in classification. 
Among the Vertebrates, the embryo lies 
with its face or ventral surface towards 
the yolk, (Fig 109,) and thus the suture, 
or Ime it which the edges of the germ 
unite to enclose the yolk, and which in 
the mimmals forms the navel, is found 
in frout Another suture is found along 
fiom the actual folding upwards of the 
upper surface of the germ, to form the dorsal cavity. 

304. The embryo in the Articulata, on the contrary, lies 
with its back upon the yolk, as seen in the following figure, 

which represents an embryo of Podurella j 
consequently the yolk enters the body on 
that side ; and the suture, which in the 
vertebrates is found on the belly, is here 
found on the back. In the Cephalopoda 
the yolk communicates with the lower 
side of the body, as in Vertebrafes, but 
there is no dorsal cavity formed in them. 
In the other Mollusks, as also in the Worms, there is this 
peculiarity, that the whole yolk is changed at the beginning 
into the substance of the embryo ; whilst in Vertebrates, and 
the higher Articulates and Mollusks, a part of it is reserved, 
till a later period, to be used for the nourishment of the em- 
bryo. Among Eadiala, the germ is formed around the yolk, 
and seems to surround the whole of it, from the first.* 

305. The development of the embryo of the vertebrated 
animals may be best observed in the eggs of fishes. Being 
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transparent, they do not require to be cut open, and, by 
BufRcient caution, the whole series of embryonic changes 
may be observed upon the same individual, and thus the f 
cession in which the organs appear be ascertained with | 
cision ; whereas, if we employ the eggs of birds, which 
opaque, we airj obliged to sacrifice an egg for each obser- 

306. To illustrate these general views as to the develop- 
ment of the embryo, we will briefly describe the principal 
phases, as they have been observed in the White-fish of Eu- 
rope, which belongs to the salmon family. The following 
magnified seclions will illustrate this development, and show 
the period at which the different organs successively appear. 




Fig. u:. 



307. The egg, when laid, (Fig. 1 1 1,) is spherical, about the 
size of a small pea, and neariy transparent. It has no albu- 
men, and the shell membrane is so closely attached to the 
membrane of the yolk, that they cannot be distinguished. 
Oil-like globules are scattered through the ijiass of the yolk, 
or grouped into a sort of disk, under which lies the germina- 
tive vesicle. The first change in such an egg occurs a 
hours after it has been laid, when the shell membrane 
rates from the yolk membrane, in consequence of the ah' 
sorption of a quantity of water, (Fig. 112,) by which the 
egg increases in size. Between the shell membrane (s m) 
and the yolk, {y,) there is now a considerable transparent 
space, which corresponds, in some respects, to the albumen 
found in the eggs of birds. 

308. Soon afterwards we see, in the midst of the oil-like 

13 
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globules, a swelling in the shape of a transparent vesicfe, 
(Fig. 113, g,) composed of very delicate cells. This is the 
first indication of the germ. This swelling rapidly enlarges 
until it envelops a great part of the yolk, when a depression 




fig ns. 



is formed upon it, (Fig. 114.) This depression hecomea b\ 
degrees a deep furrow, and soon after a second fuirow ap- 
pears at right angles with the former, so that the geim now 
presents four elevations, {Fig. 115.) The subdnjsion goes 
on in this way, during the second and third days, until the 
germ is divided into numerous little spheres, givmg the sur- 
face the appearance of a mulberry, (Fig, 116) This ap- 
p'earance, however, does Dot long continue ; at the end of 
the third day, the fissures again disappear, and leave no 
visible traces. Affer this, the germ continues to extend 
as an envelop around the yolk, which it at last entirely 
encloses. 

309. On the tenth day, the first outlines of the embryo 
begin to appear, and we soon distinguish in it a depression 
between two little ridges, whose edges constantly approach 




Fig. 117. 
each other until they 



ml, Fig. 117, i,) 
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as has been before shown, (Fig. 107.) At the same time, 
an enlargement at one end of the furrow is observed. Tliia 
is the rudiment of the head, (Fig. 118,) in which may soon 
be distinguished traces of the three divisions of the brain, 
(Fig. 119,) corresponding to the senses of sight, (m,) hear- 
ing, (e,) and smell, {p.) 

310, Towards the thirteenth day, we see a transparent, 
cartilaginous cord, in the place afterwards occupied by the 
back-bone, composed of large cells, on which transverse 




y rming, (Figs. 120, 121, c.) This 
vhich, as we have before seen, is 
vertcbrated animals. It always 
iho back-bone ; and in some 
artilaginous or embryonic stale 
and no true back-bone is ever 
fi t rudiments of the eye appear, 
sternal membrane of tlie germ, 

L ns (Fig. 121, x) is afterwards 
we see, at the posterior part 
c!e, which is the rudiment of the 
inction between the upper and 
m is best traced ; all the changes 
g to the upper layer, 
h day, the lower layer divides 
of which becomes the i 
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The heart shows itself aboi m 

of a simple cavity, {Fig. 1 ) d ss 

of cells belonging to the mid A 

as the cavity of the heart '^d g 

contraction and expansion p re d d h g b 

of blood are seen lo rise aid nmywhhse 

motions. 

312. There is as yet, how n 
until the thirtieth day that i hrs 

e.xislence of two currents, o g d h 

other towards the trunk, (F g 22 ) 
currents. At this lime the 1 be n b d ft 

while, the embryo gradually d b d 

from its adherence to the y h b d 

the young animal moves it i k 

313. The embryo, althou h d h g w 
unites all the essential con 

functions of animal life. It b p 

sating heart and circulating b d d m p 

taneously. But the forms of g y rap 

nor-have ihey yet acquired the precise shape that character- 
izes the class, the family, the genus, and the species. The 
young White-fish is as yet only a vertebrate animal in gen- 
eral, and might as well be taken for the embryo of a frog. 

314. Towards the close of the embryonic period, after the 
fortieth day, the embryo acquires a more definite shape. 
The head is more completely separated from the yolk, the 
jaws protrude, and the nostrils approach nearer and nearer io 
the end of the snout ; divisions are formed In the fin which 
surrounds the body ; the anterior limbs, which were indicated 
only by a small protuberance, assume the shape of fins ; and 
finally, the openings of the gills appear, one after the other, 
so that we cannot now fail to recognize the type of fishes. 

315. In this state, the young white-fish escapes from the 
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md, (Fig 123 ) but 



egg ibout ihe ai\ticth day i 

lis development is still 

incomplete The out 

lines are >et too indis 

t net to indicitc the 

genus and the species p,_ j 

lo which tho fish le 

longs , at most we d stinguish its order onlj Tht. opcrcula 

or gill coveis are not formed, the tee h are wanting, the 

fins have as jetnoriys the mouth is underneath ind it 

IS some t me before it assumes its final pos tion at the most 



projecting point of the head. The remainder of the jolk is 
suspended from the belly, in the form of a large bladder, but 
it daily diminishes in size, until it is at length completely taken 
into the animal, (304.) The duration of these metamorphoses 
variesextremely indifferent fishes ; some accomplish it in the 
course of a few days, while in others, months are required. 



315 a. In froga and aE the nalced reptiles, the development is very 
Bimilar to that of fishes, It is somewhat different in tho scaly rep- 
tiles, (snakes, linaids, and turtles,) which hSTe peculiar membranes 
surrounding and protecting the embryo during ila growth. From 
one of these envelopes, the allantols, (Fig. 125, a,) is derived their 
common namo of ASanMdian Veriebralei, in opposition to tho naked 
reptiles and fisteg, which are called Aiiallantaidiati. 

313 b ThB Allantoldian Vertebrates differ from each other in 
eevecal essential peculiarities Amang Birds, aa well aa in the scaly 




Fig m Fig. 12-3. 

reptilea, we And at a certain epoch, when the embryo is already dis« 
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316. As a general fact, it should be further staled, that 
the envelopes which protect the egg, and also the embryo, 
are the more numerous and complicated as animals belong 
to a higher class, and produce a smaller number of eggs. 
This is particularly evident when contrasting the innumer- 
able eggs of fishes, discharged almost without protection 



g itaelf from the yolk, a fold rising around the body &oin the 
upper layer of the germ, so aa to present, in a longitudinal section, 
two prominent walla, (Fig. 124, xx.) Tlieao walls, conYerging from 
all sides upwards, rise gradually till they unite abqyo the middle of 
the back, (Fig. 125.) When the junction is effected, which in the 
hen's egg takes place in the course of the fourth day, a cavity is 
fiDrmed -between the back of the embryo (Fig. 120, e) and the new 
membrane, whose walls are called the amtiios. Ihis cavity becomes 
filled with a peculiar liquid, the animoiic waler. 

315 c. Soon after the embryo has been enclosed in the amnios, a 
shallow poueh forms from the mucous layer, below the posterior ex- 
tremity of the embryo, between the tail and the vitelline mass. This 
pouch, at first a simple Kttle sinus, (Fig- 126, b,) grows larger and 
larger, till it forma an extensive sac, the allatilois, turning backwards 
and upwards, so aa completely to separate the two plates of the am- 
nios, (Fig. 126, o,} and finally enclosing the whole embryo, with its 




amnios, in another laige aac. The tubular part of this sac, which is 
nearest the embryo, is at last transformed into the urinary bladder, 
rhe heart (ft) is already very large, with mniute arterial threads 
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iJto ihe water, with the well- protected eggs of birds, and 
still more with the growth of youag mammals within the 
body of the mother. 

317. But neither in fishes, nor in reptiles, nor in birds, 
does the vitellinemembrane, or any other envelope of the egg, 
lake any part in the growth of the embryo ; while on the 




passing off from it. At this period there exist true gills upon 
iidea of the neck, and a. branchial respiration goes oi 

315 rf The development 
mammila e-thihits 
peculiaritica The egg is ex- 
ceedingly miiiule, 'dmost micro- 
scopic, although composed of the 
same essential elements as those 
of the lower animals. The vitel- Ffg. 127. Fig. 128. 

Une membrane, called ehorion, in 

this class of animals, is comparatively thicker, (Fig. 127, v,) always 
Boft, surrounded by peculiar ccUs, being a kind of albumen. The 
chorion soon grows proportionally larger than the vitellino sphere 
itself (Fig. 123, y,) so as no longer to invest it directly, being sepa- 
rated from it by an empty space, (k.) The germ is formed in the 
same position as in the other classes of Vertebrates, namely, at the top 
of the vitellus, (Pig, 
129 ;) and here also 
two layers may be 
distinguished the up 




the surlice ot 

chor on becomes cov 

eced w th little fringes wh eh at a liter epo h n 11 le itt-ii.) ed to 

the mother bi means ot similar ftmges arisiigbmr the walls of 

the mitnx or o^an which contams the embrjo 

316 e. The embryo itself undergoes, within the enonoc changes 
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contrary, in the mammals, the chorion, which corresponds 
to the vitelline membrane, is vivified, and finally becomes 
attached to the maternal body, thus establishing a direct con- 
nection between the young and the mother ; a connection 
which is again renewed in another mode, after birth, by the 
process of nursing. 



similar to those described in birds; ita body and its organs are 

formed in. the same ivay ; an amnios encloEcs it, and an allantols 

grows out of the lower extremity of the little animal. As soon as the 

allontola has surroiinded the embryo, its blood vessels become more 

and marc numerous, sa as to extend into the 

fiingesof the chorion, (Fig. 131,pe;) while, 

on the other hand, similar vessels from the 

mother extend into 1 

fringes of the matrix, (p m,) but without 

directly communicating with those of the 

ohorien. These two sorta of fringes 

cale organ filled with blood, called the pin- Fig. 131. 

eeiUa, to which tho embryo remains sus- 
pended until birth. 

315/. Prom the fact above stated, it is clear that there ate throe 
modifications of embrj-onic development among vertebrated animals, 
namely, that of fishes and naked reptiles, that of scaly reptiles and 
birds, and that of the mammals, which display a gradation of more and 
more complicated adaptation. In fishes and the naked reptiles, the 
germ simply encloses the yolk, and the embryo rises and grows from 
its upper part. In tho scaly reptiles and birds there is, besides, an 
amnios arising from the peripheric part of the embryo and an allantols 
growing out of the lower cavity, both enclosing and protecting the 
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SECTION IIL 



IMPOETANCE OF EMBRroLOGT. 



318 A I It f th b f wr h h 
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egg is hatched, the peculiarities of the teeth, and the shape 
of the extremic es, mark the genus and species. 

320. Hence the embryos of different animals resemble 
each otner more strongly when examined in the earlier 
stages of their growth. We have already stated that, during 
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almost the whole period of embryonie life, the young fish 
and tho young frog scarcely differ at all, (313 ;) so it is also 
with the young snake mp d 'll tl mb b' d Tl 
embryo of the crab ly b d g 1 d 

from that of the Jnse dfwg 11 fh k 

the history of developm m P i^ wh 

appreciable differenc I d sc d b 

the embryos of the d p Th mbrj f 

the snait, when the germ begms to show itself, is nearly the 
same as that of a fish or a crab. All that can be predicted 
at this period is, that the germ which is unfolding itself 
will become an animal ; the class and the group are not yet 
indicated. 

321. After this account of the history of the development 
of the egg, the importance of Embryology to the study of 
systematic Zoology cannot be questioned. For evidently, if 
the formation of the organs ia the embryo takes place in an 
order corresponding to their importance, this succession must 
of itself furnish a criterion of their relative value in classifi- 
cation. Thus, those peculiarities that first appear should be 
considered of higher value than those thit appear later In 
this respect, the division of the Animal Kingdom into four 
types, the Vertebrates, the Articulates, the Mollu&ks, and the 
Radiates, corresponds perfectly with the gradations displaced 
by Embryology. 

333. This classification, as has been already shown, (61,) 
is founded essentially on the organs of aoimal life, the ner- 
vous system and the parts belonging thereto, as found in the 
perfect animal. Now, it results from the above account, 
that in most animals the organs of animal life are precisely 
those that are earliest formed in the embryo; whereas those 
of vegetative life, on which is founded the division into 
classes, orders, and families, such as the heart, the respiratory 
ip lavolus, and the jaws, are not distinctly formed unlit after- 
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wards. Therefore a classification, to be true and natural, 
must accord with the succession of organs in the embryonic 
development. This coincidence, while it corroborates the 
anatomical principles of Cuvier's classification of the Animal 
Kingdom, furnishes us with new proof that there is a general 
plan displayed in every kind of development. 

323. Combining these two poinls of view, that of Embry- 
ology with that of Anatomy, the four divisions of the Animal 
Kingdom may be represented by the four figures which are 
to be found, at the centre of the diagram, at the beginning 
of the volume. 

324. The type of Vertebrates, having two cavities, one 
above the other, the former destined to receive the nervous 
system, and the latter, which is of a larger size, for the intes- 
tines, is represented by a double crescent united at the cen- 
tre, and closing above, as well as below. 

325. The type of Articulata, having but one cavity, grow- 
ing from below upwards, and the nervous system forming 
a series of ganglions, placed below the intestine, is repre- 
sented by a single crescent, with the horns directed up- 
wards. 

326. The type of Mollusks having also but one cavity, the 
nervous system being a simple ring around the cesophagus, 
with ganglions above and below, from which threads go off 
to all parts, is represented by a single crescent with the 
horns turned downwards. 

327. Finally, the type of Radiata, the radiating form of 
which is seen even in the youngest individuals, is represented 
by a star. 
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CHAPTER ELEVENTH. 



PECDLIAE MODES OF EEPROCUOTION. 



GEMMIPAHOTIS AND nSSlPASOtTS REPRODUCTION. 



328. We have shown m the preceding chapter, that ovula- 
tion, and the development of embryos from eggs, is common 
to all clasfiPS of animals, and must be considered as the great 
proce-Js for the reproduction of species. Two other modes 
of propagition, applying, however, to only a limited number 
of animals, remain to he mentioned, namely, gemmiparous 
repioduction, or multiplication by means of buds, and Jissip- 
arom, reproduction, or propagation by division ; and also 
i'vtraordinary modifications yet involved in 



much obscurity 




by bud'' occurs among the polyps, me- 
du^'B, and some of the infusoria. On the stalk, 
or p^ en on the body of the Hydra, (Fig. 133,) 
and ot many infusoria, there are formed 
bu h like those of plants. On close exam- 
inati m thpy are found to be young animals, 
at hrst \er) imperfectly formed, and commu- 
nicating at the base with the parent body, 
from which they derive their nourishment. By 
degrees, the animal is developed ; in most 
be by which it is connected with the parent 
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withers away, and the animal is thus detached and becomes 
independent. Otliera remain through Ufc united to the parent 
stalk, and, in this respect, present a more striking analogy to 
the buds of plants. But in the polyps, as in trees, budding 
is only an accessory mode of reproduction, which pre- 
supposes a trunk already existing, originally the product of 
ovulation. 

330. Reproduction iy division, or fissiparous reproduction, 
is still more ejitraordinary ; it takes place only in polyps and 
some infusoria. A cleft or fissure a 
takes place, very slight at first, 
but constantly increasing in 
depth, so as to become f 
furrow, like that observed in the 
yolk, at the beginning of embry- 
onic development ; at the same 
time the contained organs are di- 
vided and become double, and thus two indiv 
of one, so similar to each other that it is impossible to say which 
13 the parent and which the offspring. The division takes place 
sometimes vertically, as, for example, in Vorticella, {Fig. 
133,) and in some Polyps, (Fig. 134,) and sometimes trans- 




B formed 




! Infusoria, the Paramecia, for instance, 
this division occurs as often as three or four times in a day. 
331. In consequence of this same faculty, many animals 
are able to reproduce various parts of their bodius when 
accidentally lost. It is well known that crabs and spiders, 
on losing a limb, acquire a new one. The same happens 
with the arms of the star-fishes. The fail of a lizard is also 
14 
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read ly reproduced Salamanders even possess the faculty 
of reprod c ng pa ts of the head, including the eye with all 
its con pi cated si cture. Something similar takes place in 
our own bod es ten a new skin is formed over a wound, 
or I en a b ok n bone is reunited. 

332 In so ne of the lower animals, this power of repara- 
tion is carried much farther, and applies to the whole body, 
so as closely to imitate fissiparous reproduction- If an earth- 
worm, or a fresh-water polyp, be divided into several pieces, 
the injury is soon repaired, each fragment speedily becoming 
a perfect animal. Something like this reparative faculty is 
seen in the vegetable kingdom, as well as the animal. A 
willow branch, planted in a moist soil, throws out roots below 
and branches above ; and thus, after a time, assumes the 
shape of a perfccl tree, 

333. These various modes of reproduction do not exclude 
each other. All animals which propagate by gemmiparous 
or fissiparous reproduction also lay eggs. Thus the fresh- 
waler polyps (Hydra) propagate both by eggs and by buds. 
In Vorlicella, according to Ehrenberg, all three modes are 
found ; it is propagated by eggs, by buds, and by division. 
Ovulation, however, is the most common mode of reproduc- 
tion ; the other modes, and also alternate reproduction, are 
only additional means employed by Nature to secjre the per- 
petuation of the species. 



SECTION TL 

ALTERNATE AND EQUIVOCAL REPEODTTCTION. 

334. It is a matter of common observation, that individuals 
of the same species have the same general appearance, by 
which their peculiar organization is indicated. The trans- 
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mission of these characteristics, from one generation to the 
next, is justly considered as one of the great laws of the 
Animal and Vegetable Kingdoms. It is, indeed, one of the 
points on which the definition of species is generally founded. 
We would, however, unhesitatingly adopt the new definition 
of Dr. S. G, MortoD, who defines species to be " primordial 
organic forms." 

335. But it does not follow that animals must resemble 
their parents in every condition, and at every epoch of their 
existence On the conlrarj, as we have seen, this resem- 
blance IS icr> faint, m most species, at birth; and some, 
such as the citerpiUar and the tadpole, undergo com- 
plete metamorphoses before altammg their final shape as the 
butterflv and frog Nevertbeles", we do not hesitate to refer 
the tadpole and ihe frog to Ihe same species; and ao with the 
caterpillar and the butterfly ; because we know that there is the 
same individual observed in different stages of development. 

336. There is, also, another series of cases, in which the 
offspring not only do not resemble the parent at birth, but, 
moreover, remain different during their whole life, so that 
their relationship is not apparent until a succeeding genera- 
tion. The son does not resemble the father, but the grand- 
father ; and Jn some cases the resemblance reappears only 
at the fourth or fifth generation, and even later. This sin- 
gular mode of reproduction has received the name of alter- 
nate generation. The phenomena attending it have been 
of late the object of numerous scientific researches, which 
are the more deserving of our attention, as they furnish a 
solution to several problems alike interesting in a zoological 
and in a philosophical point of view. 

337. Alternate generation was first observed among the 
Salpffi. These are marine mollusks, without shells, belong- 
ing to the family Tunicata. They are distinguished by the 
curious peculiarity of being united together in considerable 
numbers, so as to form long chains, which float in the sea. 
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the mouth, (m,) however, being free in each, (Fig. 135.) 




The individuals thus j in>'J in floating colonies produce eggs; 
but in eaijh an mal there is generally but one egg formed, 
which IS developed m the body of the parent, and from 
wh ch 13 hatched a I ttle mollusli, (Fig. 136,) which remains 
sohttirj and differs m many respects from the parent. This 
little animal on the other hand, docs not produce eggs, but 
propagates by a k nd of budding, which gives rise to chains 
already seen within the body of their parent, (a,) and these 
agd n br ng forth sol tary individuals, &c, 

338 In some paras tic worms, alternate generation is 
accompanied bj still more extraordinary phenomena, as is 
show n by the late discoveries of the Danish naturaUst, Steen- 
strup Among the numeious animals which inhabit stagnant 
poola, in which fresh water shells, particularly Lymnea and 
Paludind are found, there is a small worm, 
know to naturalists under the name of Cer- 
r.Dii cara, {Fig. 137.) When examined with 

I ll |\ a lens, it looks much like a tadpole, with a 

K.^^1 \ciri^ tail a triangular head, and a large 

sucker [a) in the middle of the body. Va- 
rious viscera appear within, and, among 
others, a very distinct forked cord, (c,) 
which embraces the sucker, and which is 
thought to be the liver. 

339. If we watch these worms, which 
alwaj-s abound in company with the sheila 
e find ihem after a while attaching themselves, 
by means of (heir sucker, to the bodies of the moilusks. When 
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fixed, they soon undergo considerable alteration. The tail, 
which was previously employed for locomotion, is now use- 
less, falls off, and the animal surrounds itself with a 
substance, in which it remains nearly motionless, 
like the caterpillar on its transformation into the 
Pupa. Bf, however, after some lime, we remove 
tlie little animal from its retreat, we find it to be 
no longer a Cercaria, but an intestinal worm, 
called Disloma, having the shape of Fig. 138, 
with two suckers. The Distoma, therefore, is 
only a particular state of the Cercaria, or, rather, ^^S- i33. 
the Cercaria is only the larva of the Distoma, 

340. What now is the origin of the Cercaria ? The fol 
lowing are the results of the latest researches on this point. 



At certain periods of the year w< 
Limnea (one of the most co m 
quantity of little worms of a 
V ith a well marked head, a 
projections like limbs, (Fig. 13 ) 
ing these worms attentively, 
scope, we discover that the 
body is filled by a mass of o 
which a practised eye eas 
young CercariEe, the tail and 
furcated organ (a) within it 
140.) These little embryos 



find in the viscera of the 



the worm which 
them, and which seemingly 
lias no other office than to 
[irotect and forward the de- 
velopment of the young 
Cercaria. It is, as it were, their liv 
account, it has been called the nurse. 
14* 



(Pig- 



ig envelop. On this 
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341 ^\hen they have re^cl e1 t certain size, the young 
Cercar se ka e the bolj of ll e nu ae, and move freely in 
the abdo nal ca ty fie moUuska, or escape from it into 
the vater o Gx them<i(,lves o the r turn, to the body of 
ano her moll sk and beg n the r t-a sformations anew. 

342. But this 13 not the end of the series. The nurses of 
the Cercaria are themselves the offspring of little 
worms of yet another kind. At certain seasons, 
we find in the viscera of the Limnea, worms 
somewhat like the nurses of Cercaria in shape, 
(Fig. 141,) but rather longer, more slender, and 
having a much more elongated stomach, (s.) 
These worms contain, in the hinder part of the 
body, little embryos, («,) which are the young 
nurses, like Figures 139, 140. This generation 
has received the name ot grand-nurses. 

343. Supposing these grand-nurses to be the immediate 
offsprinif of the Distomt (Fif 138 ) as is prob-ible we have 



Tig. 141. 



succession. Each gi 



1 additional step towards 



the perffjl state ; and, as each member of the succession if 
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BL incomplete animal, we cannot better explain tlieir office, 
than by considering them analogous to the larvte of the 
Cercaria, that is, as nurses.* 

345 The deielopment of the MedusEe is not ]es=i mstruc- 
ti\e Accordmg to the observations of Sars, a Noiwegian 
naturalist, the McdusT bring*) forth lumg ^oung, which, 
after having burst the covering of the egg, swim about 
freely for some time in the body of the mother W hen 
born, these animals have no resemblance whatever to the 
perfect Medusa They are little cylindrical bodn,'?, (Fig. 
142, a,) much resembling infusoria, and, like them, i^overed 
with minute cilia, by means of which they swim with much 
activity 

346 After swimming about freely in the watL.r fcr some 
daja, the little amma! fixes itsell by one extremity, (Fig. 
142, e ) At the opposite cxlremity a depression is gradu- 

• There is a certain analogr between the larva of the pUnt louse 
(Aphis) and the neutei-s or working ants and bees This analogy has 
gireu rise to Tanous '^peculation? and among other? to the fuUoiving 
theory which b not without interest The end and iim of all alternate 
generation, it 13 said, 13 to favor the deTelopment of the epeejea in ita 
progress towards the perfect state. Among the plant-lice, as among all 
the nurses, this end is acoomplislied bj means of the body of the nurse. 
Now, a simitar end ia accomplished by the working anta and beea, only, 
instead of being performed as an organic function, it is turned into an 
outward actiTity, which makea them instinctively watch oyer the new gen- 
eration, nurse and take care of it. It is no longer the body of the nurse, 
but its own instincts, which becomo the instrument of the development. 
This seems to receive confirmation from the fact that the worlting bees, 
like the plant-lice, are barren females. The attributes of their ses, in 
both, seem to consist only in their solicitude for the welfare of the new 
generation, of which they are the natural guardians, but not the parents. 
The task of bringing forth young is confided to other individuals, to the 
queen among the bees, and to the female of the last geierstion among 
the plant-lice. Thus the barrenness of the working bees, which seems 
an anomaly as long as we consider them complete animals, receives 
% very natural ciplanation so soon as we look upon them merely aa 
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ally formed, the four corners (%/) become elongated, and, 
by degrees, are transformed into tentacles, (c.) These 



S 



2 y ^ 




p e « 



{ ) 



" ( ) 

tak 



:tibed as pecuLat animals, under 
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34S Tl Hjd d P Ijpa present phenomena no less 

m d Ti Campaniilaria has a branching, 

pi 1 1 k f m h 1 ttl p-shaped cells on the ends and ir 
th 1 f th bra h ach of which contains a little 

1 Th p h t all the same 

ga t rh t h eslremity of 

th b 1 ( ) d 1 h appear fiM, 
f h d hi t tacles, wh^re- 
w h h th f d (Fig. 143) 

Th h I f th branches, and 

wh h pp 1 f ales, (i,) -ind 

h h I I de of the ht 

1 I ttl pi 1 b d e found, each 

h ral p t th niddle; Iheie 

a. h gg F lly h re is a third 
f dff t f h t -o preceding, 

p od d by b idmg f he female polyp, to which it in 

som t be! ( ) I s within this that the eggs ar- 

ft h d some time within the female, 

Th ffi t b t omplete the incubation, for it is 

always withm them that the eggs are hatched. 

349. The little animal, on becoming free, has not the 
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rlightest resemblan.e to the adult polyp. As in the young 
Medusa, the body is cylindrical, covered with 
delicate cilia. After having remained free for 
some lime, the young animal fixes itself and as- 
sumes a flattened form. By degrees, a little swell- 
ing rises from the centre, which elongates, and at 
last forms a stalk. This stalk ramifies, and we 
Fig. IM. soon recognize in it the animal of figure 143, 
with the three kinds of buds, which we may 
consider as three distinct forms of the same animal. 

350. The development of Campanularia presents, in 
aomo respects, an analogy to what takes place in the re- 
production of plants, and especially of trees. They should 
be considered as groups of individuals, and not as single 
individuals. The seed, which corresponds to the embryo 
of the Hydroid, puts forth a little stalk. This stalk soon 
ramifies by gommiparous reproduction, that is, by throwing 
out buds which become branches. But ovulation, or repro- 
duction by means of seeds, does not take place until an ad- 
vanced period, and requires that the tree should have attained 
a considerable growth. It then produces flowers with pistils 
and stamens, that is, males and females, which are com- 
monly united in one flower, but which in some instances are 
separated, as in the hickories, the elders, the willows, &c.* 

• Several plants are endowed with organs EimJIat to the third form of 
huds, as seen ia the Campanularia ; for esample, the liTerwort, (ManAan- 
tia polymorpha,') which has at the base of the cup a little receptacle, from 
the bottom of which little disk-like bodies are constantly tonning, which, 
when detached, send out loota, and gradnaUy become complete indi^idu- 
alB. Besides that, we find in these animals, as in plants, the important 
peculiarity, that all the indiriduals are united in a common trunk, which 
is attached to the soil ; and that all ore intimately dependent on each 

of view, the Tarious species in which alternate reproduction has been 
observed, we find that the progress displayed in each type consists pre- 
cisely in the increasing freedom of the individual in its various forma. At 
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firEt, we ha-ve all the generations united in a common trunk, as 
lower Polyps and in planfa; then in the Meduss and in Eorae 
Hydroid Poljps the third generation begins to disengage itself. : 
some of the intestinal worms, (the Distoma,) the third genera 
enclosed within its nurse, and this, in its turn, is contained in th 
of the grand-nurse, while the complete Distomalives as a parasltii 
in the body of other animals, or even swima freely about in th( 
state, IS Cercaria. Finally, in the Plant-lice, all the generatioi 
nuises IS well as the perfect animals, are separate individuals. 
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animal. Thus, in th C h an animal pro- 

duced from a nurse f 1 m d nto a Distoma, 

by undergoing a re 1 m m pi 

353. In each new g ra h new melamor- 
phosis, a real prog m d d 1 f m which results 
ia more perfect tha p d T nurse that pro- 
duces the Cercaria m f ly f ate, just as the 
chrysalis is inferior 1 flj 

354. But there h 1 dff e between the 
metamorphoses of th p 11 d 1 e reproductioQ, 
that, in the former h d d 1 passes through 
all the phases of d I p wh the latter, the 
individual disappears d k y f another, which 
carries out what its p d rs h d h g It would give 
a correct idea of th dff at the tadpole, 
instead of being its f d f og, should die, 
having first brough f h y f hat the chrysalis 
should, in the same way, produce young butterflies. In 
either case, the young would still belong to the same species, 
but tlie cycle of development, instead of being accomplished 
in a single individual, would involve two or more acts of 
generation. 

355. It follows, therefore, that the general practice of de- 
riving the character of a species from the sexual forms alone, 
namely, the male and the female, is not applicable to all 
classes of animals ; since there are large numbers whose 
various phases are represented hy distinct individuals, en- 
dowed with peculiarities of their own. Thus, while in the 
stag the species is represented hy two individuals only, stag 
and hind, the Medusa, on the other hand, is represented 
under the form of three different types of animals ; the first 
is free, like the Infusoria, the second is fixed on a stalk, like 
a polyp, and the third again is free, consisting in its turn 
of male and female. In the Distoma, also, there are four 
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separate individuals, the grand-nurse, the nurse, the larva or 
Cercaria, and the Distoma, io which the sexes are not sepa- 
rate. Among the Aphides, the number is much greater 
still. 

356. The study of alternate generation, besides making 
lis better acquainted with the organization of the lower ani- 
mals, greatly simpUfies our nomenclature. Thus, in future, 
instead of enumerating the Distoma and the Cercaria, or the 
Strobila, Jhe Ephyra, and the Medusa, as distinct animals, 
helonging to different classes and families, only the name 
first given to one of these forms will be retained, and the 
rest he struck from the pages of Zoology, as representing 
only the transitory phases of the same species. 

357. Alternate generation always presupposes several 
modes of reproduction, of which the primary is invariably 
by ovulation. Thus, we have seen that the Polyps, the 
Medusa, the Salpa, &c., produce eggs, which are generally 
hatched within the mother. The subsequent generation, oti 
the contrary, is prQduced in a different manner, as we have 
Bhowo in the preceding paragraphs ; as among the Medusa, 
by transverse division ; among the Polyps and SalpfE, by 
buds, &c. 

358. The subsequent generations are, moreover, not to be 
regarded in the same light as those which first spring directly 
from eggs. In fact, they are rather phases of development, 
than generations properly so called ; they are either without 
sex, or females whose sex is imperfectly developed. The 
nurses of the Distoma, the Medusa, and the Campanularia, 
are barren, and have none of the attributes of maternity, 
oxcept that of watching over the development of the species, 
being themselves incapable of pnducing young. 

359. Another important result tbilows from the above ob- 
servations, namely, that the differences between animals 
which are produced by alternate generation are less, the 
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earlier the epoch at which we examine them. No two ani 
mals can be more unlike than an adult Medusa {Fig. 31) 
and an adult Campanularia, (Fig. 143 ;) ihey even seem to 
belong to different classes of the Animal Kingdom, the for- 
mer being considered as an Acaleph, the latter as a Polyp. 
On the other hand, if we compare them when first hatched 
from the egg, they appear so much alike that it is with the 
greatest difficulty they can he distinguished. They are 
then little Infusorja, without any very distinct shape, and 
moving with the greatest freedom. The larvse of certain 
intestinal worms, though they belong to a ditferent depart- 
ment, have nearly the same form, at one period of their life. 
Farther still, this resemblance extends to plants. The 
spores of certain sea-weeds have nearly the same appear- 
ance as the young Polyp, or the young Medusa ; and what 
is yet more remarkable, they are also furnished with cilia, 
and move about in a similar manner. But this is only a 
transient state. Like the young Campanularia and the young 
Medusa, the spore of the sea-weed is free for only a short 
time ; soon it becomes fixed, and from that moment the 
resemblance ceases. 

360. Are we to conclude, then, from this resemblance of 
the different types of animals at the outset of life, that there 
is no real difference between them ; or that the two King 
doms, the Animal and the Vegetable, actually blend, bu- 
cause their germs are similar ? On the contrary, we think 
nothing is better calculated to strengthen the idea of the 
original separation of the various groups, as distinct and 
independent types, than the study of their different phases. 
In fact, a difference so wide as that between the adult 
Medusa and the adult Campanularia must have existed even 
in the young; only it does not show itself in a manner 
appreciable by our senses ; the character by which they 
subsequently dilfer so much being not yet developed. To 
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deny the reality of natural groups, because of these early 
resemblances, would be to lake the semblance for the 
reality. It would be the same as saying that the frog and 
the fish are one, because at one stage of embryonic life it if 
impossible, with the means at our command, to distinguish 
them. 

361. The account we have above given of the develop- 
ment, the metamorphoses, and the alternate reproduction of 
the lower animals, is suiKcient to undermine the old theory 
of Spontaneous Generation., which was proposed to account 
for the presence of worms in the bodies of animals, for the 
sudden appearance of myriads of animalcules in stagnant 
water, and under other circumstances rendering their occur- 
rence mysterious. We need only to recollect how the 
Cercaria insinuates itself into the 
skin and the viscera of mollusks, 
(339, 342,) to understand how 
admission may be gained t 
most inaccessible parts. Such be- 
ings occur even in the eye of many Fig. 145. rig. 146. 
animals, especially of fishes ; they 

are numerous in the eye of the common fresh-water perch 
of Europe. To the naked eye they seem like little white 
spots, (Fig. 145;) but when magnified, they have the form 
of Fig. 146. 

362. As to the larger intestinal worms found in other 
animals, the mystery of their origin has been entirely solved 
by recent researches. A single instance will illustrate their 
history. At certain periods of the year, the Sculpins of the 
Baltic are infested by a particular species of Ttenia or tape- 
worm, from which they are frep at other seasons. Mr. Esch- 
richt found that, at certiin seasons, the worms lose a gi-«t 
portion of the long chain of nngs of which they are com- 
posed. Oil a careful e\aminat on, he found that each ring 
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contained several hundred eggs, which, on being freed from 
their envelop, float in ihe water. As these eggs are innu- 
merable it is not astonishing that the Sculpins should occa- 
Uy allow some of them with their prey. Tlie eggs, 
b g h introduced into the stomach of the fish, find con- 
d 1 orable to their development ; and thus the species 

p p ted, and at the same time transmitted from one 
g of the fish to another. The eggs which are not 

II d are probably lost 
36 J All animals swallow, in the same manner, with their 
f d d n the water they drink, numerous eggs of such 
p ny one of which, finding in the intestine of the 

m 1 f orable conditions, may be harched. It is probable 
1 h nimal affords the proper conditions for some par- 

I p cies of worm ; and thus we may explain how it is 
h m nimals have parasites peculiar to themselves. 

364 A respects the Infusoria, we also know that most 
of them, the Rotifera especially, lay eggs. These eggs, 
which are extremely minute, (some of them only i^ij^^ of 
an inch in diameter,) are scattered every where in great 
profusion, in water, in the air, in mist, and even in snow. 
Assiduous observers have not only seen the eggs laid, but 
moreover, have followed their development, and have seen 
the young animal forming in the egg, then escaping from it, 
increasing in size, and, in its turn, laying eggs. They have 
been able, in some instances, to follow them even to the fifth 
and sixth generation. 

365, This being the case, it is nniich more natural to 
suppose that the Infusoria • are products of like germs, than 



• In this connection, ;t ought to be lemembeted that alarge proportion 
of the so-called Infusoria are not independent animals, but immature 
germs, belonging to different classes of the Animal Kingdom, and tliat 
mau; must be referred to the TegetaUe Kingdom. 
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to assign to tliem a spontaneous origin altogether incompati- 
ble wilh what we know of organic development. Their 
rapid appearance is not at all astonishing, when we reflect 
that some mushrooms attain a considerahle size in a few 
hours, but yet pass through all the phases of regular growth ; 
and, indeed, since we have ascertained the different modes of 
generation among the lower animals, no suhstantial difficul- 
ties to the axiom " omne vivum sx ovo," (275,) any longer 
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METAMORPiOSES OF ANIMALS. 

366. Under the name of metamorphoses are included 
those changes which the body of an animal undergoes after 
its birth, and which are modifications, in various degrees, of 
\tB organizatioQ, form, and its mode of life. Such changes 
are not peculiar to certain classes, as has been so long sup- 
posed, but are common to all animals, without exception. 

367. Vegetables also undergo metamorphoses, but with 
this essential difference, that in vegetables the process con- 
sists in an addition of new parts to the old ones A succession 
of leaves, difFermg from those which preceded them comes 
on each season new bnnchos and rxits are added to the 
old stem, and woody lijers to the trunk In an jnals the 
whole body is tnnsformed n ''uch a manner that all the 
existing parts cor tr bite to the format on of the modified 
body. The chrjsalis becomes a b tterflj the ftog after 
having been herbi\orous during its tadpole slate becomes 
carnivorous and its stomich s adapted to this new mode of 
life; at the "-ame time instead of breath ng b'v gill= t be 
comes an a r breath ng animal its ta 1 and the gills disap 
pear; lungs and legs ire be ng developed and finally it is 
to live and move on liind. 

368 The nature, the duration, and importance of meta- 
morphoses, as also the epoch at which they take place, are 
infinitely varied. The most striding changes which na'.y -.illy 
present themselves to the mind when we speak of mt or- 
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phoses, are those occurring in insects. Not merely is there 
a change of physiognomy and form observable, or an organ 
more or less formed, but their whole organization is modified. 
The animal enters into new relations with the external world, 
while, at the same time, new instincts are imparled to it. It 
has lived in water, and respired by gills ; it is now furnished 
with air-tubes, and breathes in the atmosphere. It passes by, 
with indifference, objects which before were attractive, and 
its new instincts prompt it to seek conditions which would 
have been most pernicious during its former period of life. 
All these changes are brought about without destroying the 
individuality of the animal. The mosquito, which to-day 
haunts us with hs shrill trumpet, and pierces us for our 
blood, is the same animal that, a few days ago, lived obscure 
and unregarded in stagnant water, under the guise of a little 

369. Every one is familiar with the metamorphoses of the 
silk-worm. On escaping from the egg, the little worm or 
caterpillar grows with great rapidity for twenty days, when 
.■t ceases to feed, spins its silken cocoon, casts its skin, and 
rema'ns enclosed in its chrysalis state.* During this period 
of s e\ stence, most extraordinary changes take place. The 
jaws w h which it masticated muiberry \ea\as are trans- 
forn pd to a coiled tongue; ihespinning organs are reduced; 
the g lie is lengthened and more slender; the stomach, 
wh ch was nearly as long as the body, is now conlracled into 
a si ort bag; the intestine, on the contrary, becomes elon- 
gi ed 1 d narrow. The dorsal vessel is shortened. The 
gT gl on? of the thoracic region approach each other, and 
unite into a single mass. Aniennse and palpi are developed on 
the head, and instead of simple eyes appear compound ones. 



silk-w 
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The muscles, which before were uniformly distributed, (159,) 
are now gathered into masses. The limbs are elongated, 
and wings spring fortji from the tliorax. More active motions 
then reappear in the digestive organs, and the animal, burst- 
ing the envelop of its chrysalis, issues in the form of a winged 
molh. 

370 The different externa! forms which an insect may 
assume is well illustrated by one which is unfortunately loo 
well known ia this country, namely, the canker-worm. Its 
eggs are laid on posts and fences, or upon the branches of our 
apple-trees, elms, and other trees. They are hatched about 
the lime the tender leaves of these trees begin to unfold. 



f I 



Fig. 147. 

The caterpillar (a) feeds on the leaves, and attains its full 
growth at the end of about four weeks, being then not quite 
an inch in length. It then descends to the ground, and en- 
iers the earth to the depth of four or five inches, and having 
excavated a sort of cell, is soon changed into a chrysalis or 
.lymph, (b.) At the usual time in the spring, it bursts the 
MKin, and appears in its perfect state, under the form of a 
molh, ((/.) In this species, however, only the male has 
ffings. The perfect insects soon pair, the female (c) crawls 
gp a tree, and, having deposited her eggs, dies. 

371. Transformations no less remarkable are observed 
Qinong the Crustacea. The metamorphoses in the family of 
virrhipedes are especially striking. It is now known that 
he barnacles, ^Balanus,) which have been arranged among 
ihe mollusks, are truly crustaceans; and this result of modern 
lesearches has been deduced in the clearest manner from the 
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study of their trans form a lions. The following figures repre- 
sent the diflerent phases of the duck -barnacle, (Anatifa.) 
i c f 




372. The Anatifa, like all Crustacea, is reproduced by 
eggs, specimens of which, magnified ninety diameters, ate 
represented in figure 148, a. From these eggs little ani- 
mals issue, which have not the slighiest resemblance fo the 
Darent. They have an elongated form, (&,) a pair of len- 
acles, and four legs, with which they swim freely in ihe 

373. Their freedom, however, is of but short duration. 
The little animal soon allnches itself by means of its tenta- 
cles, having previously become covered with a transparent 
shell, through which the outlines of the body, and also a very 
distinct eye, are easily distinguished, (Fig. 148, c.) Figure 
148, d, shows the animal taken out of its shell. It is plainly 
seen that the anterior portion has become considerably en- 
larged. Subsequently, the shell becomes completed, and 
the animal casta its skin, losing with it both its eyes and its 
tentacles, On the other hand, a thick membrane hnes the 
interior of the shell, which pushes out and forms a stem, 
(e,} by means of which the animal fixes itself to immersed 
bodies, after the loss of its tentacles. This stem gradually 
enlarges, and the anima! soon acquires a definite shape, sticb 
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as it ia represented in figure 148,/, attached to l piece of 
Boating mooii. 

374. There is, consequently, not only a change of organi- 
zation in the course of the metamtfrphoses, but also a change 
of faculiies and mode of life. The animal, at first free, 
becomes lised ; and its adhesion is effected by totally 
different orgaiis at different periods of life, first by n 



tentacles, 

by means of a 

purpose, 

375. The Eadi 
ous metamorphof 
small species liv 

(Fig. 149.) 



mporary organs, and afterwards 
301 developed especial.^ for that 



t of New England {Echi- 
es the following phases, 



#•■«' 



376. If the eggs are examined by the microscope, each 
one is found to contain a small, pear-shaped body, which 
is h mb ( ) nd d b a n parent envelop. 

Oi sc m h gg h n m has an oblong 

fo t) th b This constriction 

be d ddpfm pde, (p,) which 

so h Th disk ssumes a pen- 

tagonal form, with fi\e double senes of vesicles. The first 
rudiments of the rays are seen to form in the interior of the 
pentagon. At the same time, the peduncle contracts still 
more, being at last entirely absorbed into the cavity of the 
body, and the animal soon acquires its final form, (m.) 



Hos-odt, Google 





Tig 151 



METAUOSFHOSES OF ANIItlALS. 

377 Analogous transformalions take place i 
ailvlife 

1 (Fig 150) It ,s 
fixed to the ground 
bj a stem, but be 
comes lelached it 
a f ertim epoch 
and then floats 
freelj in the sea 
(Fig 151) On 
the other hand, 

Poh pi seem to follow a reverse 
'se miny of thtm becoming fi\ed to 
> the ground after h=n ng been preMously 
~Y^ 150 free 

378 The metamorphoses of moUusks though less 
sinking, are not less worlhj of notice Thus, the oyster, 
with which we are famihar in ita idhenng shell, is free 
when jounff, like the clam (Mya) an3 most other shell 
fishes Others, which are at first attiched or suspended to 
the gills of the mothei, afterwards become free as the Umo 
^ome a iked Ga-iteropods, the Acteon or the Eolis for ex 
ampU, are bora with a shell, which thej part with shortly 
after leaving the egg 

netimorphobes is, therefore, of the 
indersiandmg the real affinit ps of 
n appeinnce, is ii readilj shown by 
The butterfly and the earth worm 
I to ha\e no relation whatever 
1 their orgamzat on no less than in their out 
ward appearance But o coi parng the cilerpillar and 
the worm these two a mals cloaely resemble each other 
The analogy, however s only transient, it lasts only 
during the larva state of the caterp liar, and is effaced as it 



379 The stud} of i 
utmost importance for i 
animals (ery different i. 
the following instances 
seem, at the first glar 
Thev differ i 
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passes to the chrysalis and butterfly states. The latter be- 
comes a more and more perfect animal, whilst the worm 
remains in its inferior slate. 

380. Similar icalances are furnished by animals belong- 
ing to all the types of the Animal Kingdom. Who would 
think, at first glance, that a Barnacle or an Anatifa were 
more nearly allied to the crab than to the oyster ? And, 
nevertheless, we have seen, (372,) in tracing back the Anat- 
ifa to its early stages, that it then bears a near resemblance 
to a little Crustacean, (Fig. 148, d.) It is only when full 
grown that it assumes its peculiar moUusk-like covering. 

381. Among the Cuttle-fishes there are several, the 
Loligo, (Fig. 47,) for example, which are characterized by 
the form of their tentacles, the two interior being much 
longer than the others, and of a different form ; whilst in 
others, as the Octopus, they are all equal. But if we com- 
pare the young, we find that in both animals the tentacles 
are all equal, though they differ in number. The inequality 
in the tentacles is the result of a further development. 

382. Among the Radiata, the Penlacrinus and the Comat- 
ula exemplify the same point. The two are very different 
when full grown, the latter being a fr fib 
(Fig. 151,) while the former is attach d h Ilka 
Polyp. But we have seen (377) that h 1 e 
with Comatula in its early period ; and h q ^ 
of a further metamorphosis, it become d d f 
stem, and floats freely in the water. 

383. In the type of Vertebrates, the d dra n 
from metamorphoses acquire still grea p f 
erence to classification. The Sturge n d h W I fi h 
before menlipced, (306,) are two very d ft fib y 
taking into consideration their ester 1 f m and be ng 
merely, it might be questioned which f h h Id 
take the highest rank ; whereas the d b s ry a ly 
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i by an eximination of thtir aoatoi jca! structure. 
The White-fish has a skeleton, and moreover, a veitebral 
column, composed of hrm bone The Sturgeon, (Fig 152,) 




on the contrary, has no bone in the vertebral column, except 
the spines or apophyses of the vertebriB. The middle part, 
or body of the vertebra, is cartilaginous ; the mouth is trans- 
verse, and underneath the head ; and the caudal fin i) 
equally forked, while in the White-fish it is equally forked, 

364. If, however, we observe the young White-fish just 
after it has iisued from the egg, (Fig. 123,) the 
be le'ss stnkmg At this period the vertebrie are 
nous, like those of the Sturgeon ; its mouth, also, 
verse and inferior, and its tail undivided ; at that period the 
While fish and the Sturgeon are, therefore, much 
But this similarity is only transient ; as the White-fish grows, 
its verlebne become ossified, and its resemblance to the 
Sturgeon is comparatively slight. As (he Sturgeon has no 
such transformation of the vertebrse, and is, in some sense, 
arrested in its development, while the Whiie-iish undergoes 
subsequent transformation, we conclude that, compared with 
the White-fish, it is really inferior in rank. 

385. This relative inferiority and superiority strikes us 
still more when we compare with our most perfect fishes 
(the Salmon, the Cod) some of those worm-like animals, so 
different from ordinary fishes that they were formerly placed 
among the worms. The Am- 
phioxus, represented of its nat- 
ural size, (Fig. 153,) not only Fig. 163. 
16 
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tratlon. The young White-fish, as we have seen, (315,) is 
far from having acquired its complete development when 
born. The vertical fins are cot yet separate ; the mouth has 
not yet its proper position; ihe yolk has not yet retreated 
within the cavity of the body, but hangs below the chest in 
the form of a large bag. Much, therefore, remains to be 
changed before its development is complete. But the fact 
that it has been born does not prevent its future evolution, 
which goes on without interruption. 

389. Similar inferences may be drawn from the develop- 
ment of the chicken. The only difference is, that the young 
chicken is born in a more mature slate, the most important 
transformations having taken place during the embryonic 
period, while those to be undergone after birth are less con- 
siderable, though they complete the process begun in the 
embrjo Thus we see it, shortly after birth, completely 
chinging Its covering, and clothed with feathers instead of 
down , still later its crest appears, and its spurs begin to be 
doehped 

390 In certain Mammals, known under the name of 
Marsupials, (the Opossum and Kangaroo,) the link between 
the transformations which take place before birth, and those 
that occur at a later period, is especially remarkable. These 
animals are brought into the world so weak and undeveloped 
thit thevh'ne to undergo a second gestation, in a pouch with 
which the motheris furnished, and in which the young remain, 
each one fixed to a teat, until they are entirely developed. 
Even those animals which are born nearest to the complete 
state, undergo, nevertheless, embryonic transformations. 
Ruminants acquire their horns ; and the lion his mane. Most 
mammals, at birth, are destitute of teeth, and incapable of 
using their limbs ; and all are dependent on the mother and 
the milk secreted by her, uatil the stomach is capable of 
digesting other aliments. 
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391. If it be th:s shown that the transformations which 
take place in Ihe emjryo are of the same nature, and of the 
same importance, as those which occur -ifierwards, the cir 
cumstance that some precede and others succeed birth can- 
not mark any radical distinction between them Both are 
processes of the life of the individual. Now , as hfe does not 
commence at birth, but goes still farther bick, it i? quite clear 
that the modifications which supervene during the former 
period are essentially the same as, and continjous with, the 
later ones ; and hence, that metamorphoses, far from being 
exceptional in the case of Insects, are one of the general 
features of the Animal Kingdom. 

392. We are, therefore, perfectly entitled to =ay that all 
animals, without exception, undergo metamorphoses Were 
it not so, we should be at a loss to conce ve whj animaia 
of the same division present such wide differences, and that 
there should be, as in the class of Reptiles, some families 
that undergo important metamorphoses, (the frogs, for ex- 
ample,) and others in which nothing of the kmd is observed 
after birth, (the Lizards and Tortoises.) 

393. It is only by connecting the two kinds of transforma- 
tions, namely, those which tak p f d h after 
birth, that we are furnished w h h m ining 
the relative perfection of an ra h w d these 
transformations become, unde h m lura. 
key to the gradation of types. A sam ' will 
force upon us the conviction th h b prin- 
ciple presiding over all these h n them 
in a peculiar manner in each m 

394. These considerations are exceedingly important, not 
only from their bearing upon classification, but not less so from 
the application which may be made of them to the study of 
fossils. If we examine attentively the fishes that have been 
found in the different strata of the earth, we remark that 
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only the apophyses of ihei rte w 

then selves are wanting. W Am 
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similar state of preservatio A 
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would he preserved. Indeed ^ S 

which are in precisely this co 

395. From the fact abov ta m tl 

the oldest fossil fishes did no p h 

phoses which our osseous fish g d 

(hat they were inferior to an g p p 

epoch which have bony ve brte S m ra 

apply to the fossil cruslacea d Eh 

when compared with living , , p b by, 

li'ue ofalldasses of the Animal Kingdom, when fully studi< 
o9 to their geological s 
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396. No animal, excepting n 
surface of the earth. Each 
region is occupied by some 
and each animal dwells with n 
it does not range while left to 
which it always inclines to 
dent or design. Man alone i 
the whole earth. For him, 
created. His right to it is h 
his relation to Nature, and is r 
and the perfectibility of his s 

397. A group of animals 
region, emhracing all the spe 

is called its Fattha ; in the san 
country are called its Flora. 1 
is not necessary that none 
group should be found in a 
that there should be peculia 
families, genera, and specie 
certain types over others, si ffi 
upon a region well-marked f 
the islands of the Pacific are 
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gether peculiar, and not found on the nearest continents. 
There are numerous animals lU New Holland differing from 
any found on the continent of Asia or indeed on any other 

part of the e h m p h b b h 
shores of a h h p ra 

found to be a w d os g 

have the sam F m h h F L p 

land and Eng d b m h w d 

found on both h h h m 

398. Ther a n b h a 
any locality d p h h as h h 
after see, sin m y d b m 
animals, (40 40 ) H h h m 
pheres have b h p p d 
namely, the ar hmra dh p f 

in the same w b mp dp 

cal floras. Hn a nm d ahgh 

upon mounta h h mp h d d 

resemble the n m d d b h n hos 

the Burroundmg p 

399. In som p p h a 
region depend p n Is fi dm 
are concern d h am x y 
where there n d p y b d B 
taking the te d q m h h n 
tation of a fa na y d p d 

than that of a fl P n h f m p 

terrestrial, (n pabg yw)h 

animals are h (1 q Th oc h h m 

the Animal Kmgdom , and while plants, with the excep 
fion of the lichens and mosses, become dwarfed, or perish 
under the infiutnce of severe cold, the sea teems with 
animals of all classes, far beyond the extreme limit of flower- 
ing plants. 
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400, The infltietice of climate, in the colder regions, acts 
merely to induce a greater uniformity in the species of 
animals. Thus the same animals inhabit the northern polar 
regions of the three continents. The polar bear is the same 
in Europe, Asia, and America, and so are also a great many 
birds. In the temperate regions, on the contrary, the 
species ditferon each of the continents, but they still pre- 
serve the same general features. The types are the same, 
but they are represented by quite different species. In 
consequence of these general resemblances, the first colo- 
nists of New England erroneously applied the names of 
European species to American animals. Similar differences 
are observed in distant regions of the same continent, within 
the same parallels of latitude. The animals of Oregon and 
of California are not the same as those of New England. 
The difference, in certain respects, is even greater than 
between the animals of New England and Europe. In like 
manner, the animals of temperate Asia differ more from those 
E pe m A 

40 U A K g 



, n o fterent con 

t m ra k d nd, in many respects, the animals 

of I d ff n tr p If las ditier not less from each other 
ll f m h "se f h mperate or frozen zones. Thus, 
th f f B I s as much from that of Central 

Af f Ti h f h United States, 

402 Th d y p n different continents cannot de- 

pend simply on any influence of the climate of the tropics 
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abyss of th yd N 1 

materials fo d 1 f b d b f I f 

mals could p ss f f, 1 ra f 

water, although many of them are provided with a system of 
pores, (260,) which enables them to sustain a much greate; 
pressure than terrestrial animals. 

404. When there is no great natural limit, the transition 
from one faiina to another is made insensibly. Tims, in 
passing from he arctic to the temperate regions of North 
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America, one species takes ths place of another, a third suc- 
ceeds the second, and so on, until finally the fauna is found 
to be completely changed, though it is not always possible 
to mark the precise line which divides the one from the 
other, 

405. The range of species does not ai all depend upon 
their powers of tocomotion ; if it were so, animals which 
move slowly and with difficulty would have a narrow range, 
whilst those which are very active would be widely diffused 



ry m g 

ifi T 

same remark may be made with respect to Birds. Birus of 
prey, sucli as the eagle an^. vulture, have a mucli wider range 
than the granivorous and gallinaceous birds. Still, notwith- 
standing the facilities they have for change of place, even 
the birds ll.»t wander widest recognize limits which they do 
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not overstep. Tlie Condor of the Cordilleras does not de 
ecend into the tempsrate regions of the United Stales ; and yet 
it ia not that he fears tfie cold, since he is frequently known 
to ascend even above the highest summits of the Andes, and 
disappears from view where the cold is most intense. Nor 
can it be from lack of piey. 

407. Again, the peculiar configuration of a country some- 
times determines a peculiar grouping of animals, into what 
may be called local faunas. Such, for example, are the 
prairies of the West, the Pampas of South America, the 
Steppes of Asia, the Deserts of Africa; — and, for marine 
animals, the basin of the Caspian. In all these localities, 
animals are met with which exist only there, and are not 
found except under those particular conditions. 

408. Finally, to obtain a true picture of the zoological 
distribution of animals, not the terrestrial types alone, but 
the marine species, must also be included. Notwithstanding 
the uniform nature of the watery element, the animals which 
dwell in it are not dispersed at random ; and though the 
limits of Ibe marine may be less easily defined than those of 
the terrestrial faunas, still, marked differences between the 
animals of great basins are not less observable. Properly 
to apprehend how marine animals may be distributed into 
local faunas, it must be remembered that their residence is 
not in the high sea, but along the coasts of continents and 
on soundings. It is on the Banks of ^fewfoundland, and not 
in the deep sea, that the great cod-fishery is carried on ; and 
it is well known that when fish m h y n b 
shores. The range of marine p b ng h 

fined to the vicinity of the sho h d b n n b 

subjected to laws similar to th h h 

trial faunas. As to the fresh h n d he 

species vary in the different z n b n b d ff 

rivers of the same region havu p pe a h ad 
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not found in neighboring streams. The garpikes (Lepi- 
dosteus) of the American rivers afford a striking example of 
this kind. 

409. A very influential cause in the disfributioo of aquatic 

animals is Ihe depth of the water ; so that several zoological 

zones receding from the shore mav tie defined according 

1 d ph f h h m k 

dfr dff 1 

(398 ) Th M II k d r 1 d 

h 1 re 1 II dff 1 h 

Ig hdplf y hrtyf d g 

fdbdff fmsehhre 1 

g d p h n I pi 
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A d hddh fhi flRkyM 

tamsmay pro^etobe, «hea the animals mhabiUng them shall 
be better known. 
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411. The migration of animals might at first seem to pre- 
sent a serious diificulty in determining the character or the 
limits of li fauna ; but this difficulty ceases, if we regard the 
country of an animal to be the place where it makes its 
habitual abode. As to Birds, which of all animals wander 
farthest, it may be laid down as a rule, that they belong 
to the zone in which they breed. Thus, the gulls, many of 
the ducks, mergansers, and divers, belong to the boreal 
regions, though they pass a portion of the year with us. On 
the other hand, the swallows and martins, and many of the 
gallinaceous birds belong to the temperate faunas, notwith- 
standing their migration during winter to the confines of the 
torrid zone. This rule does not apply to the fishes who an- 
nually leave their proper home, and migrate to a distant 
region merely for the purpose of spawning. The Salmon, 
for example, comes down from the North, (o spawn on the 
coast of Maine and Nova Scotia. 

412. Few of the Mammals, and these mostly of the tribe 
of Rodents, make extensive migrations. Among the most 
remarkable of these are the Kamtachatka rats. In Spring 
they direct their course westward, in immense troops ; and, 
after a very long journey, return again in Autumn to their 
quarters, where their approach is anxiously awaited by the 
hunters, on account of the fine furs to be obtained from the 
numerous carnivora which always follow in their train. 
The migrations of the Lemmings are marked by the devas- 
tations they commit along their course, as they come down 
from the borders of the Frozen Ocean to the valleys of 
Lapland and Norway ; but their migrations are not period- 
ical. 

17 
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DISrRlEITTIOK OF THE FAUNAS. 

413 We have stated that all the faunas of the globe may 
be dmded into three groups, corresponding to as many great 
climatal divisions, namely, the glacial or arctic, the temperate 
and the tropical faunas These three divisions appertain to 
both hemispheres, -is we recede from the equator towards the 
north or south poles It will hereafter he shown that the 
•jopical and temperate faunas may be again divided into 
■several zoological provmces, depending on longitude or on 
the peculiar configuration of the continents. 

414 No contment is better calculated to give a correct 
idea of distribution into faunas, as determined by climate, 
than the continent of America ; extending as it does across 
both hemispheres, and embracing all latitudes, so that all 
climates are lepresented upon it, as shown by the chart on the 
following page 

415. Let a tra\e!!er embark at Iceland, which is situated 
on the borders of the polar circle, with a view to observe, 
in a zoological aspect, the principal points along the eastern 
shore of America. The result of his observation will be 
very much as follows. Along the coast of Greenland and 
Iceland, and also along Baffin's Bay, he will meet with an 
nnvaried fauna, composed throughout of the same animals, 
which are also for the most part identical with those of the 
arctic shores of Europe. It will be nearly the same along 
the coast of Labrador. 

416. As he approaches Newfoundland, he will see the 
landscape, and with it the fauna, assuming a somewhat more 
varied aspect. To the wide und naked or lurfy plains of 
the boreal regions succeed forests, in which he will find 
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various animals which dwell only in forests. Here the tem- 
perate fauna commences. Stili the number of species is not 
yet very considerahle ; but as he advances southward, along 
the coasts of Nova Scotia and New England, he finds new 
species gradually introduced, while those of the colder regions 
diminish, and at length entirely disappear, some few acci- 
dental or periodical visiters excepted, who wander, during 
winter, aa far south as the Carolinas. 

417. But it is after having passed the boundaries of the 
United States, among the Antilles, and more especially on 
the southern continent, along the shores of the Orinoco and 
the Amazon, that our traveller will be forcibly struck with 
the astonishing variety of the animals which people the for- 
ests, the prairies, the rivers, and the sea-shores, most of which 
he will also find to be different from those of the northern 
continent. By this extraordinary richness of new forms, he 
will become sensible that he is now in the domain of the 
tropical fauna. 

418. Let him still travel on beyond the equator towards 
the tropic of Capricorn, and ho will again find the scene 
change as he enters the regions where the sun casts his rays 
more obliquely, and where the contrast of the seasons is 
more marked. The vegetation will be less luxuriant; the 
palms will have disappeared to make place for other trees ; 
the animals will he less varied, and the whole picture will 
recall to him, in some measure, what he witnessed in the 
United Stales. He will again find himself in the temperate 
region, and this he will trace on, till he arrives at the ex- 
tremity of the continent, the fauna and the flora becoming 
more and more impoverished as ho approaches Cape Horn. 

419. Finally, we know that there is a continent around 
the South Pole. Although we have as yet but very imper- 
fect notions respecting the animals of this inhospitable clime, 
Btili, the few which have already been observed there present 
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a close analogy to those of the arctic region. It is another 
glacial fauna, namely, the antarctic. Having thus sketched 
the general divisions of the faunas, it remains to point out 
the principal features of each of them. 

420. I. Arctic Fauna. — Tl\e predominant feature of the 
Arctic Fauna is its uniformity. The species are few in num- 
ber ; hut, on the other hand, the number of individuals is 
immense. We need only refer to the clouds of birds which 
hover upon the islands and shores of the North ; the shoals 
of fishes, the salmon among others, which throng the coasts 
of Greenland, Iceland, and Hudson's Bay. There is great 
uniformity, also, in the form and color of these animals, Not 
a single bird of brilliant plumage is found, and few fishes 
with varied hues. Their forms are regular, and their tints 
as dusky as the northern heavens. The most conspicuous 
animals are the white-bear, the moose, the reindeer, the 
musk-ox, the white-fos, the polar-hare, the lemming, and 
various Seals ; but the most important are the Whales, which, 
it is to he remarked, rank lowest of all the Mammals. 
Aniong the Birds may be enumerated some sea-eagles and 
a few Waders, while the great majority are aquatic species, 
such as gulls, cormorants, divers, petrels, ducks, geese, gan- 
nets, &c., all belonging to the lowest orders of Birds. Rep- 
tiles are altogether wanting. The Artie ulata are represented 
by numerous marine worms, and by minute crustaceans of 
the orders Isopoda and Amphipoda. Insects are rare, and 
of inferior types. Of the type of Mollusks, there are 
Acephala, particularly Tunicata, fewer Gasteropodr, and 
very few Cephalopods, Among the Radiata are a great 
number of jelly-tishes, particularly the Beroe ; and to con- 
clude with the Echinoderms, there are several star-fishes 
and Echini, but few Hololhurite. The class of Polypi is 
very scanlsly represented, and those producing stony corals 
are entirely wan 'ng. 

17 • 
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421. This assemblage of animals is evidently inferior l,» 
Ihat of other faunas, especially to those of the tropics. Not 
that there is a deficiency of animal life ; for if the species 
are less numerjus, there is a compensation in the multitude 
of individuals, and, also, in this other very significant fact, 
that the largest of all animals, the whales, belong to this 
fauna. 

433. It has already been said, (400,) that the arctic fauna 
of the three continents is the same ; its southern limit, how- 
ever, is not a regular line. It docs not correspond precisely 
with the polar circle, but rather to the isothermal zero : that 
is, the line where the average temperature of the year is at 
32° of Fahrenheit. The course of this line presents ni-mcr- 
ous undulations. In general, it may be said to coincide with 
the northern limit of trees, so that it terminates where forest 
vegetation succeeds the vast arid plain h b t N 1 

America, or the (anifras of the Samoy d Ph 1 m y 
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424. Still, Ihe climate is not sufficiently warm over the 
whole extent of this zone to allow the trees to retain their 
foliage throughout the year. At its northern margin, tlie 
leaves, excepting those of the pines and spruces, fall, on the 
approach of the cold season, and vegetation is arrested for a 
longer or shorter period. Insects retire, and the animals 
which live upon them no longer find nourishment, and are 
obliged to migrate to warmer regions, on the borders of the 
tropics, where, amid the ever-verdant vegetation, they find 
the means of subsistence, 

425. Some of the herbivorous Mammals, the Bats, and 
the reptiles which feed on insects, pass the winter in a state 
of torpor, from which they awake in spring. Others retire 
into dens, and live on the provisions they have stored up 
during the warm season. The Carnivora, the Ruminants, 
and the most active portion of the Kodents, are the only ani- 
mals that do not change either their abode or their habits. 
The fauna of the temperate zone thus presents an ever- 
changing picture, which may be considered as one of its 
most important features, since these changes recur with equal 
constancy in the Old and the New World. 

426. Taking the contrast of the vegetation as a basis, and 
the consequent changes of habit imposed upon the denizens 
of the forests, the temperate fauna has been divided into 
two regions ; a northern one, where the trees, except the 
pines, drop their leaves in winter, and a southern one, where 
they are evergreen. Now, as the limit of the former, iha: 
of the deciduous trees, coincides, in general, with the limit 
of the pines, it may he said that the cold region of the tem- 
perate fauna extends as far as the pinea. In the United 
States this coincidence is not so marked as in other regions, 
inasmuch as the pines along the Atlantic coast extend into 
Florida, while they do not prevail in the Western Stales ; 
but we may consider as belonging to the southern portion 
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of the temperate region thai part of the country south of 
the lafitude where the Palmetto or Cabbage-tree ( Chamarops) 
commenceg, Damely, all the States to the south of North 
Carolina ; while the Sfaiea to the north of this limit belong 
to the norlhern portion of the temperate region. 

427. This division into two zones is supported by obser- 
vations made on the maritime faunas of the Atlantic coast 
The line of separation between them, however, being influ 
enced by the Gulf Stream, is considerably farther to the 
north, namely, at Cape Cod ; although there is also another 
decided limitation of the marine animals at a point nearly 
coinciding with the line of demarkation above mentioned, 
namely, at Cape Hatteras. It has been observed that of 
one hundred and ninety-seven Mollusks inhabiting the coast 
of New England, fifty do not pass to the north of Cape Cod, 
and eighty-three do not pass to the south of it ; only sixty- 
four being common to both sides of the Cape. A similar 
limitation of the range of Fishes has been noticed by Dr. 
Storer ; and Dr. Holbrook has found the Fishes of South 
Carolina to be different from those of Florida and the West 
Indies, In Europe, the northern part of the temperate re- 
gion extends to the Pyrenees and the Alps ; and its south- 
ern portion consists of the basin of the Mediterranean, to- 
gether with the northern part of Africa, as far as the desert 
of Sahara. 

428. A peculiar characteristic of the f'iums of the tern 
perate regions in the northern hemisphere when contrasted 
with those of the southern, is the great similai ty ot the pre 
vailing types on both continents Notwithstanding the im 
mcnse extent of country embraced the same stamp is every 
where exhibited. Generally, the same families frequently 
the same genera, represente 1 by d fferent species, are 
found. There are even a few pecies of terrestrial an mals 

identical on the cjntifieot^ of Eur pe and 
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America; bul. their supposed mimber is consiantly dimin- 
ished, as more accurate observations are made. The pre- 
dominant types among the mammals are the bison, deer, ox, 
horse, hog, numerous rodents, especially squirrels and hares, 
nearly ail the insectivora, weasels, martens, wolves, foxes, 
wildeals, &c. On the other hand, there are no Edentata 
and no Quadrumana, with the exception of some monkeys, 
on the two slopes of the Atlas and in Japan. Among Birds, 
there is a multhude of climbers, passerine, gallinaceous, and 
many rapacious birds. Of Reptiles, there are lizards and' 
tortoises of small or medium size, serpents, and many ba- 
Irachians, but no crocodiles. Of fishes, there is the trout 
family, the cypriooids, the sturgeons, the pikes, the cod, and 
especially the great family of Herrings and Scomberoids, to 
which latter belong the mackerel and the tunny. All classes 
of the Mollusks are represented ; though the cephalopods are 
:ess numerous than in the torrid zone. There is an infinite 
number of Articulala of every type, as well as numerous 
Polyps, though the corals proper do not yet appear abun- 
dantly. 

429. On each of the two continents of Europe and Amer- 
ica there is a certain number of species, which extend from 
one extreme of the temperate zone to the other. Such, for 
example, are the deer, the bison, the cougar, the flying.squir- 
rel, numerous birds of prey, several tortoises, and the rattle- 
snake, in America. In Europe, the brown bear, wolf, 
swallow, and many birds of prey. Some species have a 
still wider range, like the ermine, which is found from Behr- 
ing's Straits to the Himalaya Mountains, that is to say, from 
the coldest regions of the arctic zone to tlie southern confines 
of the temperate zone. It is the same with the muskrat, 
which is found from the mouth of Mackenzie's River to 
Florida. The field-mouse has an equal range in Europe. 
Olher species, on the contrary, are limited to one region. 
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The Canadian elk is confined to ihe northern portion of the 
fauna ; while the prairie wolf, the fox-squirrel, the Baasaris, 
and numerous birds, never leave the southern portion* 

430. In America, as in the Old World, the temperate 
fiiuna is further subdivided into several districts, which may 
be regarded as so many zoological provinces, in each of 
which there is a certain number of animals differing from 
those in the others, though very closely allied. Temperate 
America presents us with a striking example in this respect. 
We have, on the one hand : 

1st. The fauna of the United States properly so called, on 
this side of the Rocky Mountaios. 

2d. The fauna of Oregon and California, beyond those 
mountains. 

Though there are some animals which traverse the chain 
of the Rocky Mountains, and are found in the prairies of 
the Missouri as well as on the banks of the Columbia, as, 
for example, the Rocky Mountain deer, (Antilope furcifer,) 
yet, if we regard the whole assemblage of animals, they are 
found 'to differ entirely. Thus, the rodents, part of the 
ruminants, the insects, and all the mollusks, belong to dis- 
tinct species. 

431. The faunas or zoological provinces of the Old World 
which correspond to these are : 

• The types wJiioh are peeuliar to temperate America, and are not found 
in Europe, are the Opossnm, several genera of Insectivora, among them 
the Bhrew-molo (Scalopt aqucauiua) and the Btar-noae mo!e, {Coiidyhira 
CTiatata,) whicli replaces the Mygale of the Old World ; several genera 
of rodents, especially the mualtrat. Among the tjpes characteristic of 

the Menohranchns and Menopoma, among the Salamanders ; the Gar- 
pike and Amia among the Sshes ; and fiaally, among the Crustacea, the 
Limulns. Among the types which are wantii^ in temperate America, 
and which are found in Europe, maybe cited the horse, the wild boar, and 
the true n\on3e. All the species of domestic mice which live in America 
ni.vc Iter. Ijroujjht from t>.c Old World, 



Hos-odt, Google 



DISTMBITTION or THE FAUNAS, 



Isl, The E 

Ihal of the U 

2d. The S 

Europe by U 

3d. The 
is as yet kn 

4th. The 
to that of E 
Slates in th R 

sphere that 
those local 
Such, for e 
steppes of T 
432. The 
from those of the tro 
faunas do ; and, lik 
the 



But besides differing 
quite unlike each ot 
of that general rese 
have noticed be twee 
of the northern hem 
contrasts. Each of 
jut out southerly 



the o 



I represents, in some si 



separate world. The animals of South America, beyond the 
tropic of Capricorn, are in all respects different from those 
at the southern extremity of Africa. The hyenas, wild- 
boars, and rhinoceroses of the Capo of Good Hope have no 
analogues on the American continent ; and the ditTerence is 
equally great between the birds, reptiles and fishes, insects 
and molluaks. Among the most characteristic animals of 
the southern extremity of America arc peculiar species of 
seals, and especially, among aquatic birds, the penguins. 
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433. New Holland, wilh its marsupial mammals, with 

which are associated insects and mollusks no less singulai 

furnishes a fauna still more peculiar, and which has no simi 

larity to those of any of the adjacent countiies In the seas 

of that continent, where everj thmg la so "itrange, we find 
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m mm former zoological -iges But a most 
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2. The fauna of the western slope of the Andes, com- 
prising Chili and Peru ; and distinguished by its Llamas, 
vicunas, and birds, which differ from those of the basin of 
the Aniazon, as also do the insects and molluslts. 

3. The fauna of the Antilles and the Gulf of Mexico. 
Tliia is especially characterized by its marine animals, among 
which the Macatee is particularly remarkable ; an infinite 
variety of singular fishes, embracing a large number of 
Plectognaths ; also Mollusks, and Radiata of peculiar species. 
It is ill this zone that the PeMacrinm caput-meduste is found, 
the only representative, in the existing creation, of a family so 
numerous in ancient epochs, the Crinoidea with a jointed stem. 

The limits of the fauna of Central America cannot yet be 
well defined, from want of sufficient knowledge of the ani- 
mals which inhabit those regions. 

438. The tropical zone of Africa is distinguished by a 
striking uniformity in the distribution of the animals, which 
corresponds to the uniformity of the structure and contour 
of that continent. Its most characteristic species are spread 
over the whole extent of ihe tropics : thus, the giraffe is met 
with from Upper Egypt to the Cape of Good Hope. The 
hippopotamus is found at the same time in the Nile, the 
Niger, and Orange River. This wide range is the more 
significant as it also relates lo herbivorous animals, and thus 
supposes conditions of vegetation very similar, over wide 
countries. Some forms are, nevertheless, circumscribed 
within narrow districts ; and there are marked differences 
between the animals of the eastern and western shores. 
Among the remarkable species of the African torrid region 
are the baboons, Ihe African elephant, the crocodile of the 
Nile, a vast number of Antelopes, and especially two species 
of Orang-outang, the Chimpanzee and the Engeena, a large 
and remarkable animal, only recently described. The fishes 
of the Nile have a tropical character, as well as the animals 
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f 4rab wh h re more allied to those of Africa lYw to 

h fA 

439 Th p cal fauna of Asia, comprising the two 

p 1 f Ind a and the Isles of Sunda, is not less marked. 

I h u J of the gibbons, the red orang, the royal 

g h ga 1 nd a multitude of peculiar birds. Among 

1 fi h If nily of Chetodons is most numerously 
p n d He also are found those curious spiny 
fi 1 h ate giils suggested the name Labyrinthici, 

by wh h h y known. Fishes with tufted gills are more 
n m h han in other seas. The insects and mol- 

1 k n 1 trongly characterized. Among others is 

1 n 1 1 ly living representative of the great fam- 
ly f la h mbered-shells which prevailed so extensively 

h , p , former geological ages. 

440. The large Island of Madagascar has its peculiar 
fauna, characterized by its makis and its curious rodents. 
It is also the habitat of the Aya-aya. Polynesia, exclusive 
of New Holland, furnishes a number of very curious animals, 
which are not found on the Asiatic continent. Such are the 
herbivorous bats, and the Galeopithecus or flying Maki. The 
Galapago islands, only a few hundred miles from the coast 
of Peru, have a fauna exclusively their own, among which 
gigantic land- tortoises are particularly characteristic. 

SECTION III. 

CONCLtrSIONS. 

441. From the survey we have thus made of the distribu- 
tion of the Animal Kingdom, it follows : 

1st. Each grand division of the globe has animals* which 
are either wholly or for the most part peculiar to it. These 
groups of aniniiils constitute the faunas of different regions 
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2d. rhp diversity of faunas is not in proportion to the 
di3tan:e whicli separates them. Very similar fauaas are 
found at great distances apart ; as, for example, the fauna 
of Europe and that of the United States, which yet are 
separated by a wide ocean. Others, oa the contrary, differ 
considerably, though at comparatively short distances ; as 
the fauna of the East Indies and the Sunda Islands, and that 
of New Holland ; or the fauna of Labrador and that of New 
England. 

3d. There is a direct relation between the richness of a 
fauna and the climate. The tropical faunas contain a much 
larger number of more perfect animals than those of the 
temperate and polar regions. 

4th. There is a no less striking relation between the fauna 
and flora, the limit of the former being oftentimes deter- 
mined, so far as terrestrial animals are concerned, by the 
extent of the latter. 

442. Animals are endowed with instincts and faculties 
p d t th ph 1 h ter of the countries they 

lb d h h Id b f service to them under 

tl m Th m k y which is a frugivorous 

ml d f I g he trees from which he 

b h food Th d n the contrary, whose 

f d fill Id regions. The latter 

Id b q t t f pi tl rrid zone, and the mon- 

kywldp hwlhh th polar regions. Animals 

h h t pp lip liar to temperate or cold 

I m t Th t t Id b uncalled for in tropical 

re h th t t p s the herbivora with an 

abundant supply of food at all times. 

443. However intimately the climate of a country seems to 
be allied with the peculiar character of its fauna, we are not 
to conclude that the one is the consequence of the other. 
The differences which are observed between the animals of 
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differetit faunas are no more to be ascribed to the influences 
of climate, than their organization is to the influence of the 
physical forces of nature. If it were so, we should necessa- 
rily find all animals precisely similar, when placed under 
the same circumstances. We shall find, by the study of the 
different groups in detail, that certain species, though very 
nearly alike, are nevertheless distinct in two different faunas. 
Between the animals of the temperate zone of Europe, and 
those of llie United States, tliere is similarity but not iden- 
tity ; and the particulars in which they differ, though ap- 
parently trifling, are yet constant. 

444. Fully to appreciate the value of these differences, it 
is often requisite to know all the species of a genus or of a 
family. It is not uncommon to find, upon such an exam- 
ination, that there is the closest resemblance between spe- 
cies that dwell far apart from each other, while species of 
the same genus, that live side by side, are widely different. 
This may be illustrated by a single example. The Menopo- 
ma, Siren, Amphiuma, Axolotl, and the Menobranchus, are 
Batrachians which inhabit the rivers and lakes of the United 
States and Mexico. They are very simila.- in external 
form, yet differ in the feict that some of them have external 
gills at the sides of the head, in which others are deficient; 
that some have five legs, while others are only provided 
with two; and also in having either two or four legs. 
Hence we might be tempted to refer them to different types, 
did we not know intermediate animals, completing the series, 
namely, the Proteus and Megalobatrachus. Now, the for- 
mer exists only in the subterranean lakes of Austria, and 
the latter in Japan. The connection in this case is coiiwi- 
q\iently established by means of species which inhabit con- 
tinents widely distant from each other. 

445. Neither the distribution of animals, therefore, any 
more than their organization, can be the effect of external 

18* 
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influences. We must, on the conlrary, see in it the realiza- 
tion of a plan wisely designed, the worlt of a Supreme Intel- 
ligence who created, at the beginning, each species of ani- 
mal at the place, and for the place, which it inhahits. To 
each species has been assigned a limit which it lias no dis- 
position to overstep, so long as it remains in a wild state. 
Only those animals which have been subjected to the yoke 
of man, or whose subsistence is dependent on mac's social 
habits, are exceptions to this rule. 

446. As the human race has extended over the surface 
of the earth, man has more or less modified the animal popu- 
lation of different regions, either by exterminating certain 
species, or by introducing others with which he desires to be 
more intimately associated — the domestic animals. Thus, 
the dog is found wherever we know of the presence of man. 
The horse, originally from Asia, was introduced into Ameri- 
ca by the Spaniards ; where it has thriven so well, that it 
is found wild, in innumerable herds, over the Pampas of 
South America, and the prairies of the ^^cst In Uke 
manner, the domestic ox became wild m South America. 
Many less welcome animals have followed man m his pere- 
grinations ; as, for example, the rat and the mouse, as well 
as a multitude of insects, such as tho house-fly, the cock- 
roach, and others which are attached to certain species of 
plants, as the white butterfly, the Hessian fly, &c. The 
honey-bee, also, has been imported from Europe. 

447. Among the species which have disappeared, under 
the influence of man, we may mention the Dodo, a pecu- 
liar species of bird which once inhabited tho Mauritius, 
some remains of which arc preserved in the British and 
Ashmolean Museums ; also a large cetacean of the north, 
(^Rytina Slelleri,) formerly inhabiting the coasts of Behring'a 
Straits, and which has not been seen since 1768. Av«ord- 
lag to all appearances, we must also count among these the 
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great slag, tlie slieleton and horns of which have been found 
buried in the peat-bogs of Ireland. There arc also many 
species of animals whose numbers are daily diminishing, 
and whose extinction may bo foreseen ; as the Canada deer, 
(^Wapiti,) the Ibex of the Alps, the Lammergeyer, the 
bison, the beaver, the wild turkey, &c. 

448. Other causes may also contribute towards dispersing 
animals beyond their natural limits. Thus, the sea-weeds 
are carried about by marine currents, and are frequently 
met with far from shore, thronged with little crustaceans, 
which are in this manner transported to great distances from 
the place of their birth. The drift wood which the Gulf 
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449 Theie a onH one way to accoi nt for the distribu 
ton of ■animals as we find them namely to suppose that 
they are autochtkonoi that is to sa\ that they orignan.d 
like plants on the soil where they arc found In order to 
expliin the particular d sir bution of rainy inimah we are 
even led to admit tbit they must have been created at 
seieral points o the same zone an infprcnce which ne 
must raakt! from the difclriliution of aquatic a-mmals, especij.1- 
]y that of Fishes. If we examine the fishes of the different 
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rivers of the United Slates, peculiar species will be found in 
each basin, associated with others which are common to 
several basins. Thus, the Delaware River contains species 
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(403.) The inhabitants of New Holland, like its animals, 
are the most grotesque and iineouth of all races, (433.) 

453, The same parallelism holds good elsewhere, though 
not always in so remarkable a degree. In America, espe- 
cially, while the aboriginal race is as well distinguished from 
other races as is its flora, the minor divisions are not so 
decided. Indeed, the facilities, or we might sometimes 
rather say necessities, arising from the varied supplies of 
animal and vegetable food in the several regions, might be 
expected to involve, with his corresponding customs and 
modes of life, a difference in the physical constitution of 
man, which would contribute to augment any primeval dif- 
ferences. It could not indeed be expected, that a people 
constantly subjected to cold, like the people of the North, 
and living almost exclusively on fish, which is not to bo 
obtained without great toil and peril, should present the same 
characteristics, either bodily or mental, as those who idly 
regale on the spontaneous bounties of tropical vegotat'on. 
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CHAPTER FOURTEENTH. 



GEOLOGICAL SUCCESSION OF ANIMALS; OE, THEIB 
DISTMBUTION IN TIME. 



SECTION I. 



453. The records of the Bible, as well as human tit- 
dition, teach ua that man and the animals associated with 
him were created by the word of God ; " the Lord made 
heaven and earth, the sea, and all that in them is;" and 
this truth is confirmed by the revelations of science, which 
unequivocally indicate the direct interventions of creative 
power. 

454. But man and the animals which now surround him 
are not the only kinds which have had a being. The sur- 
face of our planet, anterior to their appearance, was not a 
desert. There are, scattered through the crust of the earth, 
numerous animal and vegetable remains, which show that 
the earth had been repeatedly supplied with, and long in- 
habited by, animals and plants altogether different from those 

455. In general, their hard parts are the only relics of 
them which have been preserved, such as the skeleton and 
teeth of Vertebrates ; the shells of the Mollusks and Radiata ; 
the shields of the Crustaceans, and sometimes the wing-cases 
of Insects. Most frequently they have lost iheir original 
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ohemlcal compcsilion, and are changed info stone ; and 
hence the name of petrifactions or fossils, under which lat- 
ter term are comprehended all the organized oodies of 
former epochs, obtained from the earth's crust. Others have 
entirely disappeared, leaving only their forms and sculpture 
impressed upon the rocka. 

456. The study of these remains and of their position in 
the rocks constitutes Paleoktologt ; one of the most essen- 
tial branches of Zoology. Their geological distribution or 
the order of their successive appea aace namely the d n 
hition of antTnals in time, is of no less mpor ance har he 
geographical distribution of 1 v ng a n als the d nbu on 
in space, of which we have trea ed n 1 e j. eced ng chap e 
To obtain an idea of the success e c ea o and of tl e s 
pendous length of time they have required, it is necessary to 
sketch the principal outlines of Geology. 

457. The rocks* which compose the crust of our globe 
are of two kinds : 

1. The Massive Rocks, called also Plutonic or Igneous 
Rocks, which lie beneath all the others, or have aomelimea 
been forced up through them, from beneath. They were 
once in a melted state, like the lava of the present epoch, 
and on cooling at the surface formed the original crust of the 
globe, the granite, and later porphyry, basalt, &c. 

2. The Sedimentary or Stratijled Rocks, called also Nep- 
tunic Rocks, which have been deposited in water, in the same 
manner as modern seas and lakes deposit sand and mud on 
their shores, or at the bottom. 

458. These sediments haye been derived partly from the 
disintegration of the older rocks, and partly from the decay 
of plants and animals. The materials being disposed in 
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layera or strata, have become, as they hardened, limestones, 
slates, marls, or grits, according to their chemical and me- 
cbanical composition, and contain the remains of the animals 
and plants which were scattered through the waters." 

459. The different strata, when undisturbed, are arranged 
one above the other in a horizontal manner, like the leaves 
of a book, the lowest being the oldest. In consequence of 
the commotions which the crust of the globe has undergone, 
the strata have been ruptured, and many points of the surface 
have been elevated lo great heights, in the form of moun- 
tains ; and hence it is that fossils are sometimes found at the 
summit of the highest mountains, though the rocks contain- 
ing them were originally formed at the bottom of the sea. 
But even when folded, or partly broken, their relative age 
may still be determined by an examination of the ends of 
the upturned strata, where they appear or crop out in suc- 
cession, at the surface, or on the slopes of mountains, as seen 
in the diagram, (Fig. 154.) 

460. The sedimentary rocks are the only ones which have 
been found to contain animal and vegetable remains. These 
are found imbedded in the rock, just as we should find them 
in the mud now deposited at the bottom of the sea, if laid 
dry. The strata containing fossils are numerous. The com- 
parison and detailed study of them belongs to Geology, of 

• Unflemeath the deepest strata containing fossils, between these and 
the Plutonic looks, are Benerillj' fonnd very extensive layers of slates 
without foaails, (gneiss, mica-slate, talcoae-slate,) though stratified, and 
itnown lo the geologist under the name of Metamorphic Rocks, (Fig. 134, 
Jtf,) heing probably sedimentary rocks, which have undergone consider- 
able changes. The Plutonic rooks, as well as the metamorphie rocka, 
are not always confined to the lower levels, but they are often seen rising 
to considerable heights, and forming many of the loftiest peaks of the 
globe. The former also penetrate, in many cases, like veins, through the 
whole mass of the stratified and metamorphic layers, and expand at the 
surface ; as Is the case with the trap dykes, and as lava streams actually 
do at the present era, (Fig- 154, T. L-) 
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461. Among the stratified rocks we distinguish ten prio 
cipal Formations, each of which indicates an entirely new 
era ia the earth's history; while each of the layers which 
compose a formation indicates hut some partial resolution 
Proceeding from below upwards, they are as follows as 
indicated in the cut, and also m the lower dngmm on the 
Frontispiece. 




Elg. 151. 
IsL The Lower Silurian. This is a most extensive for- 
mation, DO less than eight stages of which have been made 
out by Geologists i 
limestones and sand 



North America, composed of various 



[, Potsdam Sanaston 
! ; 4. Bird's-eye Lirai 
■stone ; 7- Utica Slat 



ts of the United States. 



erous Sandstone; 3. Chazy Lime 
Hack River Limestono ; 6. Trenton 
n Eiver Gioup ; being all found in 
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2d. The Upper Sihrian. It is also a very extensive for- 
mation, since about ten stages of it are found in the State of 
New York.* 

3d. The Devonian, including in Nortli America no less 
tlian eleven stages.t It occurs also in Russia and Scotland, 
where it was first made out as a peculiar formation. 

4lh. The Carhoniferous Formation, consisting of three 
grand division a. J 

5th. The Tnas, or Saliferons Formation, which, contain- 
ing the richest deposits of Salt on the continent of Europe, 
comprises three stages ,§ to one of which the Sandstone of 
the Connecticut valley heiongs. 

6th. The Oolitic Formation, only faint traces of which 
exist on the continent of America. It comprises at least four 
distinct stages. |] 

7th. The Cretaceous, or Chalk Formation, of which three 
principal stages have been recognized, two of wWch are 
feebly represented in this country, in the Southern and Mid- 
dle Stales. 

8th. The Lower Tertiary, oi jEocene, very abundant in the 
Southern States of the Union, and to which belong the 
coarse limestone of Paris, and the London clay in England. 

« 1. OneiaaConElomerate; 2. Medina Sandstone; 3. Clinton Group ; 
1. Niagara Group; 3. Onondaga Salt Group; 6. Water Limestone [ 
7. Pentamerus Limestone; 8. Deltlijria Shaly Limestone ; 9. Encrioal 
Limestone ; 10. Upper Pentamerus Limestone. 

t 1- Orisltany Sandstone; 2. Cauda-Galli Grit; 3, Ooonaaga Lime- 
atone; i. Corniforous Limestone; 6. Maroellus Shale; 6. Hamilton 
Group; 7. Tully Limestone; 8. Genesee Slate; 9. Portage Group; 
10. Chemung Gronp ; II. Old Red Sandstone. 

I 1. The Permian, e.-ttensively developed in Russia, especially in the 
government of Perm; 2. The coal measures, containing the rich deposits 
of coal in the Old and New World ; 3. The Magnesian Limestone of 
England. 

§ !. New Bed Sandstone ; 2. MuBohelkalk ; 3. Keuper. 

II 1. The Lias ; 2. The Lower Oolite ; 3. The Middle Oolite ; 4 The 
Upper Oolite- 
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would bo thickest at the p r s here o d me t wag 
deposited, and gradually thin out towards their circumference. 
We may therefore infer, thai all those portions of the earih'a 
surface which are destitute of a certain formation were dry 
land, during that epoch of the earth's history to which such 
formation relates, excepting, indeed, where the rocks have 
been subsequently removed by the denuding action of ivalii 
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rock, it is easy to dettrmme whether the animalii to which 
those remains belonged Uved in the water, or on land, on the 
beach or in the depths of the ocean, in a warm or in a cold 
climate. They will he found associated in just the same 
way as animals are that live under similar influences at the 
present day. 

464. In most geological formations, the number of spe- 
cies of animals and plants found in any locality of given 
extent, is not below that of the species now living in an 
area of equal extent and of a similar character ; for though , 
in some deposits, the variety of the animals contained may 
he less, in others it is greater than tliat on the present surface. 
Thus, the coarse limestone in the neighborhood of Paris, 
which is only one stage of the lower tertiary, contains not 
less than 1200 species of shells ; whereas the species now 
living in the Mediterranean do not amount to half that num- 
ber. Similar relations may be pointed out in America. 
Mr. Hall, one of the geologists of the New York Survey, has 
described, from the Trenton limestone, (one of the ten stages 
of the lower Silurian,) 170 species of shells, a number almost 
equal to that of all the species found now iivmg on the coast 
of Massachusetts. 

465. Nor was the number of individuals less than at 
present. Whole rocks are entirely formed of animal re- 
mains, particularly of corals and shells. So, also, coal is 
composed of the remains of plants. If we consider the slow- 
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Des3 with which corals and shells are formed, it will give U3 
some fa nt notion of the vast series of ages that must have 
elapsed in order to allow the formation of those rocks, and 
their regular deposition, under the water, to so great a thick- 
ness, If, as all things combine to prove, this deposition look 
place in a slow and gradual manner in each formation, we 
must conclude, that the successive species of animals found 
ia them followed each other at long intervals, and are not the 
work of a single epoch. 

466. it was once believed that animals were successively 
created in the order of their relative perfection ; so that the 
mosf ancient formations contained only animals of the low- 
est grade, such as the Polyps, the Echinoderms, to which 
succeeded the Mollusks, then the Articulated Animals, and, 
last of all, the Vertebrates. This theory, however, is now 
untenable ; since fossils belonging to each of the four depart- 
ments have been found in the fossilifcrous deposits of every 
age. Indeed, we shall see that even in the lower Silurian 
formation there exist not only Polyps and other Eadiata, but 
also numerous Mollusks, Triiobites, (belonging to the Arlicu- 
lata,) and even Fishes, 



SECTION n. 

AGES or NATURE. 

467. Each formation, as has been before stated, (460,) 
contains remams peculiar to itself, which do not extend into 
the neighboring deposits above or below it. Still there is a 
connection between the different formations, more strong in 
proportion to their proximity to each other. Thus, the ani- 
mal remains of the Chalk, while they differ from those of all 
other formations, are, nevertheless, rauch more nearly related 
19* 



Hos-odt, Google 



222 GEOLOGICAL SUCCESS ON OF ANIMALS. 

to those of the Oolitic forniafion, which imraediateK precedes, 
than lo those of the carboniferous formation, which is much 
more ancient ; and, in the same manner, the fossils o) the 
carboniferous group approach more nearly to those of the 
Silurian formalion than to those of the Tertiary 

468. These relations could not escape the observation of 
naturalists, and indeed they are of great impoitance for the 
true understanding of the development of life at the surface 
of our earth. And, as in the history of man, several grand 
periods have been established, under the natoe of Ages, 
marked by peculiarities in his social and intellectual condi- 
tion, and illustrated fay contemporaneous monuments, so, in 
the history of the earth, also, are distinguished several great 
periods, which may be designated as the various Ages of 
Nature, illustrated, in like manner, by their monuments, the 
fossil remains, which, by certain general traits stamped upon 
them, clearly indicate the eras to which they belong, 

469. We distinguish four Ages of Nature, corresponding 
to the great geological divisions, namely : 

1st. The Primary or Paleozoic Age, comprising the lower 
Silurian, the upper Silurian, and the Devonian. During this 
age there were no air-breathing animals. The fishes were 
the masters of creation. We may therefore call it the Reign' 
of Fishes. 

2d. The Secondary Age, comprising the carboniferous for- 
mation, the Trias, the Oolitic, and the Cretaceous formations. 
This is the epoch in which air-breathing animals first appear. 
Reptiles predominate over the other classes, and we may 
therefore call it the Reign of Reptiles. 

3d. The rerfiarj/ j4^e, comprising the tertiary formations. 
During this age, terrestrial mammals, of great size, abound. 
This is the Reign of Mammals. 

4th. The Modern Age, characterized by the appearance 
of the most perfect of all created beings. This is the Reign 
of Mtm. 
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Let us review each of these four Ages of Nature, with 
reference to the diagram at the beginning of the volume. 

470. The Pal.eozoic Age. Reign of Fishes. — Tha 
paleozoic fauna, being the most remote from the present 
epoch, presents the least resemblance to the animals now 
existing, as will easily be perceived by a glance at the fol- 




xttaordinary sh p 



lowing sketches, (Fig. 155.) In no other case do we meet 
with animals of such e 
of the PaliBozoic age. 

471. We have already stated (466) h d 

in each formation of the primary age mm a 

the four great departments, namely, b 

mollusks, and radiata. We have no m w 

peculiar classes and families of each department these re- 
mains belong, with avlew o ascertain if any relation between 



Hos-odt, Google 



!«4 GEOLOGICAL SUCCESSION OF 

the structure of an animal, and the epoch of its first appear- 
ance on the earth's surface, may be (raced. 

472. As a general result of tlie inquiries hitherto made, 
it may be stated that the palaeozoic animals belong, for the 
most part, to the lower divisions of the different classes, 
Thus, of the class of Echinoderms, we find scarcely any 
but Crinoids, which are the least perfect of the class. We 
have represented, m the above sketches, several of the most 
curious forms,* as well as of the Polyps, of which there are 
some quite peculiar types from the Trenton limestone, and 
from the Black River limestone. 

473. Of the Mollusks, the bivalves or Acephala are nu- 
merous, but, for the most part, they belong to the Brachiopo- 
da, that is to say, to the lowest divisionof the class, including 
mollusks with unequal valves, having peculiar appendages 
in the interior. The Leptima altemata, (6,) which is found 
very abundantly in the Trenton limestone, is one of these 
shells. The only fossils yet found in the Potsdam sandstone, 
the oldest of all fossiliferous deposits, belong, also, to this 
family, {JAngula prima, a.) Besides this, there are also 
found some bivalves of a less uncommon shape, {Avieula 
decussata, e.) 

474. The Gasteropods are less abundant ; some of them 
are of a peculiar shape and structure, {Bucania e3yansa.,f; 
Euomphalus kemispkericus, c.) Those more similar to our 

with a canal being of a more recent epoch. 

475. Of the Cephalopods we find some genera not less 
curious, part of which disappear in the succeeding epochs ; 



• {')Cy(Uhocrinai wnaKssiniiu, Hall; (j) Mehntrinits Ajiipkora, Goldf. ; 
(k) Cariocrimta omatxa. Say ; (!) Oohimtuiria alveolala ; (m) Cyolho- 
phyUum juaJriffeminiim, GoMf. ; {n, o) Caninia Jlextiosn ; (_p) C/uetetei 
lycoperdon. 
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such, in particular, as those of the straight, chambered shells 
called Orthocevatites, some of which are twelve feet in length, 
{Orthoceras fvsiforme, g.) There are also found some of a 
coiled shape, like the Ammonites of the secondary age, but 
having Lss complicated 'pvlvtion^, (TrocholUes ean}7wnius,d.) 
The true cuttle fishes, wli ch are the highest of the class, 
are nut ■\et found On the contrary, the Bryozoa, which 
have long been consideied as polyp'^, but which, according 
to all appearances, are mollusks of a very low order, are 
very numerous in this epoch 

476 The Art culata of the Pilieozoic age are mostly 
Trilobites, animals nhich eiidently belong to the lower 
order of the Crustaceans, (F g 156 ) There is an incom- 
pleteness and want of development, in the form of their 
body, thit strongly reminds us of the embryo among the 
crabs A great many gtnera hav e already been discovered. 




We may consider as belonging to the more estraordinary 
the forms here represented, (Harpes, a; Arges,h; Bron- 
tes, c ; and Platynotus, d ;) the latter, as well as the hotelus, 
the largest of all, being peculiar to the PalEeozoic deposit of 
this country. Some others seem more allied to the crusta- 
ceans of the following ages, but arc nevertheless of a very 
estraordinary form, as Eurypterus remipes, (e.) There are 
a so found, m the Devonian, some very large Bnlomostraca. 
The class of VVorms is represented only by a few Serpulce, 
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which are marine worms, surrounded by a solid sheath. The 
class of Insecls is entirely wanting, 

477. The Inferiority of the earliest inhabitants of our 
earth appears most striking among the Vertebrates. There 
are as yet neither reptiles, birds, nor mammals. The fishes, 
as we have said, are the sole representatives of this division 
of animals. 

478. But the fishes of that early period were not like 
ours. Some of them had the most extraordinary forms, so 
that they have been often mislatien for quite different ani- 
mals ; for example, the Fiei iihthys, (a,) with ita two wing- 




Fig 157 
like appendages, and also the Coccosleus (b) of the same 
deposit, with its large plates cohering the head and the ante- 
rior part of the body There are ilso found t 
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of the bodies of vertcbrie, but merely of their spinous pro- 
cesses ; from which it must be inferred that the body of the 
vertebra was cartilaginous, as it is in our Sturgeons. 

479. Recuriing to what has been stated on that point, in 
Chapter Twelfth, we thence conclude, that these ancient 
fishes were not so fully developed as most of our fishes, 
being, like the Sturgeon, arrested, as it were, in their devel- 
opment ; since we have shown that the Sturgeon, tn its or- 
ganization, agrees, in many respects, with the Cod or Salmon 
at an early age. 

480. Finally, there was, during the Pateozoic age, but 
liitle variety among the animals of the different regions of 
the globe ; and this may be readily explained by the pecu- 
liar configuration of tho earth at that epoch. Great moun- 
tains did not then exist; there were neither lofty elevations 
nor deep depressions. The sea covered the greater part, if 
not the whole, of tho surface of the globe ; and the animals 
which then existed, and whose remains have been preserved, 
were all, without exception, aquatic animals, breathing by 
gills. This wide distribution of tho waters impressed a very 
uniform character upon the whole Animal Kingdom. Be- 
tween the different zones and continents, no such strange 
contrasts of the different types existed as at the present 
epoch. The same genera, and often the same species, were 
found in the seas of America, Europe, Asia, Africa, and 
New Holland ; from which we must conclude that the 
climate was much more uniform than at the present day. 
Among the aquatic population, no sound waa heard. All 
creation was then silent. 

481. The Secondary Age. Reign of Reptiles. — The 
Secondary age displays a greater variety of animals as well 
as plants. The fantastic forms of the Palseozoic age disap- 
pear, and in their place we see a greater symmetry of shape. 
The advance is particularly marked in the series of verte- 
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brates. Fishes are no longer the sole representatives ot 
that department. Keptiles, Birds, and Mammals successive- 
ly make their appearance, but Reptiles are preponderant 
particularly in the oolitic fo m h h 

have called this the Reign of R J 

482. The carboniferous f 1 m f 
the Secondary age. Its fau 1 rs p 
close analogy to that of the P 1 p h p II 

its Trilobites and Mollusks." B d h 1 re 

with the first air-breathing a m 1 I h I d 

Scorpions. At the same tim I d pi rs m k 1 

appearance, namely, ferns o gre lb d 

other fossil plants. This corr b wh b 1 ily 

said concerning the intima ts d 

from all times has existed, I ml d 1 1 d 

plants, (399.) The class of C h I p d 

during the epoch of the coal I I g mp d 

clusively of Trilobites, but th f h 1 

appears, with other gigantic f f 1 M 11 k 

seem also to approach those of h 1 p dp 1 y 

the Bivalves. 

483. In the Trias period, \ m d I d 1 
Carboniferous, the fauna of d ry q 
definitive character ; here the Eeptiles first appear. They are 
huge Crocodilian animals, belonging to a peculiar order, the 
Rhizodonts, {Protosaurus, Notosaurus, and Lahyrtntkodon.) 
The well-known discoveries of Professor Hitchcock, in the 
red sandstone of the Connecticut, have made us acquainted 

• This circumstance, in connection with the ahsenee of Reptiles, has 
ciused the coal-measures to be gencrallj referred, to the PalEeozoie epoch. 
But there are other reasoiiB which induce us to unite the catbonifetoua 
period with the secondary age, especially when considering that here the 
land animals first appear, whereas, in the PalEcozoio age, there are only 
marine animals, breathing by gills ; and, also, thrit a luiuriant tetrestrial 
vegetation was developed at that epoch. 
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it number of Lirds' tracks (Fig, 158, a, b) belong- 



iiig to this epoch, for the most part indicating bi 
tic size. These impressions, which he has di 
the name of Ornithicknites, are some of tliem 



rds of gigan- 
ignaled under 
ghteen inches 



^■' 



M 



a Fig. 153. b a 

in length, and five feet apart, far exceeding in size the tracks 
of the largest ostrich. Other tracks, of a very peculiar shape, 
have been found in the red sandstone of Germany, and in 
Pennsylvania. They were probably made by Reptiles which 
have been called Cheirolherivm, from the resemblance of the 
track fo a band, (c.) The Mollusks, Articulates, and Radiates 
of this period, approach to the fauna of the succeeding period. 
464. The fauna of the Oolitic formation is remarkable for 
the great number of gigantic Reptiles which it c 



this formation we find those enormous Amphibia, known 
under the names Icliihyosaurus., Plesiosaurus, MegalosauTus, 
and Iguanodon. The first, in particular, the Ichthyosaurus, 
(Fig. 159, a,) greatly abounded on the coast of the continents 
of that period, and their skeletons are so well preserved, that 
we are enabled to study even the minutest details of their 
structure, which differs essentially from that of the Reptiles 
of the present day. In some respects they form an inter- 
mediate link between the Fishes and Mammals, and may be 
considered as the prototypes of the Whales, having, like 
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them, limfaa in tlie form of oars. The Plesiosaurvs (5) 
agrees, in many respects, with 
the Ichlhyosaurus, in its struc- 
ture, but is easily distinguished 
by its long neck, which resem- 
hles somewhat the neck of 
some of our birds. A still 
more extraordinary Eeptile is 
the Pterodactylus, (Fig. 160,) 
with its long fingers, like those of a bat, and which is thought 
to have been capable of flying. 

485. It is also in the upper stages of this formation that 
we first meet with Tortoises. Here also we find impressions 
of several families of insects, {Lihellula, Coleoptera, Ichneu- 
mons, ^c.) Finally, in these same stages, the slates of 
Stoncsfield the first traces of Mammals are found namely, 
the jaws and teeth of animals liavmg some resemhiance to 
the Opossum 

486 The department of Mollusks is largely represented 
m all Its classes The pecul ar forms ol the primarj age 
have almost all disappeared and are replaced bv a much 
greater variety of new forms Of the Brachiopods only one 



type is very abundant, namely, the Tereiralula, (Fig. 161, a.) 
Among the other Bivalves there are many peculiar forms, aa 
the Goniamya (6) and the Trigonia, (c.) The Gasteropods 
display a great variety of species, and also the Cephalopods, 
among which the Ammonites are the most prominent, (d.) 
There are also found, for the first time, numerous represen- 
tatives of the Cultle-fiahes, undei the foiin of Belemnites, 
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(Fig. 163,) an extinct type of animals, protected by a sheath, 
and terminating in a conical body, somewhat similar to the 
bone of the S^pJa, whicli a 
commonly is the only 
part preserved, (S.) 

487. The variety is 
not less remarkdble 
among the Kad ates n^ iii, 

riiere aie to be found representatives of all the cla^ws ; 
even traces of Jellv fishes have been made out m the 
shle of Solenhofen, m Bavaria The Pohps v-erf very 
abund'int at thai epoch, cpeLially m the upper stages, one 
of which has recened the name of Coril rig Indeed, 
there are found whole reefs of corals m their natural po- 
sition, similar to those whii-h ire seen in the islands of the 




Pacific. Among the most remarkable types of stony Polyps 
may be named the fan-like Lobophyllia, {L. fiabellum, a,) 
and various forms of tree-corals, LUhodendron pseudosfy- 
Una, b.) But the greatest variety crisis among the Echioo- 
derms. The Crinoids are not quite so numerous as in 
former ages. Among the most abundant are the Pentacri- 
nus, (c.) There are also Comatula-like animals, that is to 
say, free Crinoids, {Pleroeoma pinnata, d.) Many Star- 
fishes are likewise observed in the various stages of this 
formation. Finally, (here is an extraordinary variety of 
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Echini, among them Cidaris, (e,) with large spines, and 
several other types not found before, aa, for example, tlie 
Disaster, {fj and the Nudeolites, [g.) 

488. The fauna of the Creiaeeous period bears the 
same general characters as the Oiiliiic, but with a more 
marked tendency towards existing forms. Thus, the Ich- 
thyosauri and Plesiosauri., that characterize the preceding 
epoch, are succeeded by gigantic Lizards, more nearly 
approaching the Reptiles of the present day. Among the 
Mollusks, a great number of new forms appear, especial- 
ly among the Cephalopods,* some of which resemble the 




Gasleropods in iheir shape, but are nevertheless cham- 
bered. The Ammonitta themsielves are quite a 




Q the Oolitic period, and are m general much orna- 
ted, (a.) The Acephala furnish us, also, with peculiar 
ing elsewhere, Magas, (a,) the Inoceramus, 
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(},) the HippunUs, (r,) ind peculiar Spimdyh, with long 
Bpines, (d ) There is also a gieat variety of Gastero- 
pods, among which are some pecuhitr forms of Pleu- 



Fig IBB 
r»tomaHa, (e.) The Radiates are not joferior to the others 
in variety.* 

■189. Tertiary Age. Reign of Mammals. — The most 
significant characteristic of the Tertiary faunas is their 
great resemhiance to those of the present epoch. The ani- 
mals belong in general to the same families, and mostly 
to the same genera, dilfering only as to the species. And 
the specific differences are sometimes so slightly marked, 
that a considerable familiarity with the subject is required, 
in order readily to detect them. Many of the most abundant 
types of former epochs have now disappeared. The changes 
are especially striking among the Mollusks, the two great 
families of Ammonites and Belemnltes, which present such 
an astonishing variety in the Oiiiitic and Cretaceous epochs, 
being now completely wanting. Changes of no less impor- 
tance take place among the Fishes, which are -for the most 
part covered with horny scales, like those of the present 
epoch, while in earlier agea they were generally covered 
with enamel. Among the Radiala, we see the family of 
Crinoids reduced to a very few species, while, on the other 
hand, a great number of new Star-fishes and Sea-urchins 
make their appearance. There are, besides, innumerable 
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of a very peculiar type of animals, almos*. 
unknown to the former ages, as well as to 
the present period. They are lillle cham- 
bered shells, known to geologists under the 
^ of NummuUtes, from their coin-like ap- 
pearance, and form very extensive layers of 
rocks, (Fig. 167.) 
490 But what is more important in a philosophical point 
of vie^v IS, that aquatic animals are no longer predominant 
in Creation. The great marine or amphibian reptiles give 
place to numerous mammals of great size ; for which rea- 
son, we have called this age the Keign of Mammals. Here 
are also found the first distinct remains of fresh-water 
animals. 

491. The lower stage of this formation is particularly 
characterized by great Pachyderms, among which we may 
mention the Faleolherimit and Anoploiherium, which have 
acquired such celebrity from the researches of Cuvier. 
These animals, among others, abound in the Tertiary forma- 
'ions of the neighborhood of Paris. The Paleolheriums, of 




Fig.l 

which several species are known, are the most i 
they resemble, (Fig. 168,) in some respects, the Tapirs, 
while the Anoplolheriums are more slender animals, {Fig. 
169.) On this continent are found the remains of a most 
extraordinary animal of gigantic size, the Basilosaurus, a 
true cetacean. Finally, in these stages, the earliest remains 
of Monkeys have been detected. 
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492. The fauna of the upper slage of the Tertiary forma- 
tion approaches yet more nearly to that of the present epoch. 
Besides the Pachyderms, that were also predominant iu the 
lower slage, we find numbers of carnivorous animals, Bome 
of them much surpassing in size the lions and tigers of our 
day. We meet also gigantic Edentata, and Rodents of great 

493. The distribution of the Tertiary fossils also reveals 
to us the important fact, that, in this epoch, animals of the 
same species were circumscribed in much narrower limits 
than before. The earth's surface, highly diversified by 
mountains and valleys, was divided into numerous basins, 
which, like the Gulf of Mexico, or the Medilerranean of this 
day, contained species not found elsewhere. Such was the 
basin of Paris, that of London, and, on this continent, that of 
South Carolina. 

494. In this limitation of certain types within certain 
bounds, we distinctly observe another approach to the present 
condition of things, in the fact that groups of animals which 
occur only in particular regions arc found to have already 
existed in the same regions during the Tertiary epoch. Thus 
the Edentata are the predominant animals in the fossil fauna 
of Brazil as well as in its present fauna ; and Marsupials were 
formerly as numerous in New Holland as they now are, 
though in general of much larger size. 

495. The Modern Epoch. Reign of Man. — ThePresent 
epoch succeeds to, but is not a continuation of, the Tertiary 
age. These two epochs are separated by a great geological 
event, traces of which we see every where around us The 
climate of the northern hemisphere, which had been during 
the Tertiary epoch, considerably war er ha now so as to 
allow of the growth of palm-trees in he emperate ione of 
our time, became much colder at he e d of h period, 
causing the polar glaciers to advance so h h beyond 
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their previous limib It waa this ice, either floating like ice- 
bergs, or, as thpre IS still more reisoii to belli i a, moving 
along the ground, hke the glaciers of the present day, that, in 
its movement towards the South, rounded and pohshed the 
hardest rock's, and deposited the numerous detached fmg- 
ments biought from distant localities, nhich we find every 
where scattered about upon the soil, and which arp known 
under thp name of erratics, houldeTS, or graj/headt, This 
phase of the earth's history has been called, by geologists, 
the Glacial or Drift period. 

496. After the ice that carried the erratics had melted 
away, the surface of North America and the North of Europe 
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most strata of the earth's surface, and probably the very 
last large animal which became extinct before the creation 




Fig. 170. 

499, It is necessary, therefore, to distinguish two periods 
in the history of the animals now living ; one in which the 
marine animals were created, and a second, during which 
the land and fresh- water animals made their appearance, and 
at their head MAN.t 



CONCLUSIONS. 

500. From the above sketch it is evident that there is a 
manifest progress in the succession of beings on the surface 



• Thes 



liagtan 



aliki 



iOfthesptendidst 



sn disii 



3. C. War: 

the moat complete skeleton which has ever been diacoTCted. It stands 
nearlj twelte feet in height, the tusks are fourteen feet in length, and 
nearly eTcry bone is present, in a state of preservation truly wonderful. 

t The former of these phases is indicated in the frontispiece, byanar- 
row circle, inserted between the upper stage of the Tertiary formation 
and the Reign of Man properly so called. 
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of the earth. This progress consists in an increasing simi- 
larity to the jiving fauna, and among the Vertebrates, espe 
cially, in their increasing resemblance to Man. 

501. But this connection is not the consequence of a 
direct lineage between the faunas of different ages. There 
is nothing like parental descent connecting them. The 
Fishes of the Palteozoic age are in no respect the ancestors 
of the Reptiles of the Secondary age, nor does Man descend 
from the Mammals which preceded him in the Tertiary 
age. The link by which they are connected is of a higher 
and immaterial nature ; and their connection is to be sought 
in the view of the Creator himself, whose aim, in forming 
the earth, ia allowing it to undergo the successive changes 
which Geology liag pointed out, and in creating successively 
all the different types of animals which have passed away, 
was to introduce Man upon the surface of our globe. 
Man is the end towards which all the animal creation 
has tended, from the first appearance of the first Pateozoic 
Fishes. 

502. In the beginning His plan was formed, and from it 
He has never swerved in any particular. The same Being 
who, in view of man's moral wants, provided and declared, 
thousands of years in advance, that " the seed of the woman 
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must be a necessary relation between the races of ani- 
mals and the epoch at which they appear. It is necessary, 
therefore, in order to compreliend Creation, that we com- 
hine the study of extinct species with that of those now 
living, since one is the natural complement of the other. A 
system of Zoology will consequently be true, in proportion 
as it corresponds with the order of succession among ani- 
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INDEX AND GLOSSARY. 



,vity of the 



;lmg 



Abdiimen, the li 
body, ih 

Abrancliiates, without Bills, 21. 

Acal^pha, a class of Ka£at 
apecies of nhich produce 
of the skin when handleu^ ^». 

Acfiphiia, inolluaks having no dis- 
tinct head, like clams, 22. 

Acoustic, pertaining to the sense ol 
hearing, 56. 

Actinia, digestive apparatus of, 97. 

Acljnoids, 23. 

Affinity, relationship, 30, 87. 

Ages of Nature, 221. 

Albumen, the white of egg, 42, HI, 

Alimentarr oanal, 97- 






Amhlyopsis spi 
Ammonites, K 
Amnios, ISO- 



Animal heat, 122- 



nals and plan 
een, 41. 



Aphides, reptoduetion of, 162, 163. 
Ap6physis, a .proieotion from ths 
body of a bone, 181. 



Aristotle's lantern, 102. 
Arm, 82; different forms of, 83. 
Artery, 113. 

Articulates, composed of joints, liko 
the lobster or caterpillar, 21 ; 

Ascidia, bottle-shaped mollaslia 



Auditory, pertaining to the sense 

of hearing, 56. 
Auricle^ a cavity of the heart, like 



Luncle, a cavity of 
a little eat, Il6. 
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INDEX AKC GLOSSARY, 



Balanus, thf bamnele, I7a 
Basilosaiirus, 234. 
Battacliians, the fiog tribe, 20 
Beak, 104. 

Belemnites, 230, 233. 
Bird-tracks, ia red. Eandslone, 229. 
Bitda, number of, 27. 
Bivsite, having two shells, like the 

Blastoderm, the embryonic gsrm, 



Chtet 



Branohifers, uniTalve moUuska 

breathing hj gills, 22. 
Bronchi, tubes branching from the 

windpipe in the lunga, 119. 
Brontes, 2M. 
Bryoioa, 23, 225. 
Bucania eipansa, 22*. 

Calcareous, composed of lime, 75, 

i3t. 
Canmaaularia, Feproduction of, 166, 

170. 
Canine teeth, 106. 
Caninia flexuosa, 224. 
Canker-norm, metamorphoses of, 

176. 
Cannon-bone, 86. 

Capillary vessels, 113. 

Carapace, the upper coveting of the 

Caibon, the basis of charcoal and 

most combustibles, 41, 
CatboniferouB rocks, 218, 228, 
Cariocrinus omatus, 224. 
Oarntvora, animals feeding on £es!i, 

20 i teeth of, 107, 
Carpus, the wrist, 83. 
Cartilage, gristle, 39. 
CartilBBinous tissue, 38. 
Cell, 37 1 nncleated, 33. 
Cellule, a little cell, 37. 
Cephalopoda, mollnska ndth arms 

surroundine the head, like the 

cuttle-fish, 22. 
Cercaria, reproduction nf, 160, 171. 
Cerebral, pertaining to the brain, 45, 



porpoi) 



ie their young, like the whale. 



J lyoopetdon, 224. 
the albuminous thread by 
iiitii the jolk of the egg is sus- 
ended, 138. 
Chalk formation, 218. 
Chambers of the eye, 50. 
" 's, 192. 



Cheirother 
Chelon- 






if ihel 



oid, coat of the eye, 49. 

Chyle, 100. 112. 

Chyme, 100, 112. 

Koatricula, 141. 

Cilia, microscopic hairs, like eye- 
lashes, 81, 112, 116, 120. 

Circulation, 97; great. III ; pulmo- 
nary ot lesser, U6; complete, 
116 ; incomplete, 116. 

Cirrhipedes, Crustacea having curled 
'--lera. like the barnacles, 27. 
1, IS. 

Claiicle, the coUar-boHc, S3, 

Climate, influence en a fauna, 138. 

— bing,92. 



Cold-blooded animals, 122. 
Coleopterous, insects with hard 
wing cases, like the dor-bug, 27. 



1-rag, 231. 
Cornea, the tiai 



^parent portion ot 



""S; 



ike, 65. 



Crinoid, lily-like star-fislieH, 23. 

Cri6ceras, 232. 

Crustacea, articatated animals hav- 
ing a crust-like covering, like the 
crab and horse-shoe, if i heart 
of, 117. 

Crystalline lens, 49. 
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i GLOSSARY. 



Ctenoids, fishes which have the 
tdge of the scales toothed, 20. 

CUnophori, soft, ladlatod animals, 
movlnff % cilia, 23. 



Cyathophvllum quadr%eiainniij, 

224. 
Cjcluids, fishes iritii smooth scales, 



:>t permanent during a 

ID. 

the act of sirollowing, 

irm and arrangement 



of the te 

Depailment, a piimary diii 

the aoimal kingdom, 18. 



Diptenia, 22fi. 

DisQ6phori, dislt-shaped animals, 
likethejelly-fl3h,23. 

Disk, a mors or less circular, flat- 
tened bodv, 14. 

Distoma, reproduction of, 161 ; in 
the eye of the perch, 171- 

DiatiibuWon of anim;ils, laws of, 

1 cordT iSI.™''""' 
Dorsal vessel, 114. 
Dorsibranchiates, mollusks havin 



Dodo, its diss 



ce, 210. 



Drift, 210, 238. 
Drinking, 109, 
Suck-barnacle. 



ck, 21. 



EchinoderiQs, radiate animals arm- 
ed with spines externally, like 
the sea-urchin, 23. 

Echinus, the sea-urdii 
of, 102 ; licart of, 11 



23; mvB 
modo ol 



Eas, 131; form of, 133; formatioa 
of. 133; ovarian, 133; laying of, 
13S ; composition of, 137 ; devel- 
opment of, 139; of Infnsoris, 172. 

bodies, SB. 
Embryo, the younff animal before 

birth, 33, 132; development of, 

139. 
Emb^ology, 131,139; importance 

of, IS3. 
Endosmose, 127. See Exo^mosc. 

Entoin6Btraoa, 21. 
Eocene formation, 218. 
Ephyra, 164, 169. 
Epidermis, the scarf-skin, 129. 
Epithehum-cells, 126. 
Equivooal reproduetion, 168. 
Erratics, rolling stones, 236. 
Euomphalus hemisphericus, 224. 
Burypterus remipes, 22.5. 
EuHtaebian tu.be, 57. 



become mingled, 127. ' 
5ye, 48; simple, 61; i 
53; compound, .H; 6 
at, 55 ; compared to 
ol»cura, 51. 



Family, a group including several 

genera, 18, 
Fauna, 186 ; distribution of, 194. 
Femur, the thigh b^ ae, 87. 
Fibula, the amallcst of ttie two 

bones of the leg, 87. 
Fins, 93. 



Formation, geological, 217- 
Fossil, dug ftom the earth, applle 
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Gileopith^cus, its facilities for 

leaping, 93, 207. 
OateAtes, 233. 
Gallinaceous, birds alUed to the do- 



Gavial, a crocodile, with a long, 

Gemmiparous reproduction, propa- 
gation by budding, lo6. 

General piopeities of organized 
bodies. 36. 

Genua, 17. 

Geographical distiibution of ani- 
mals, 186! conclusions, 207. 

Geological succeasioQ of animals, 



Herblvora, animala feeding on grass 

.Dd leaves, 20. 
Hibernation, torpid state of ani- 
■ - iring winter, 123, 

_ .-.■s,m 

HolothurianB, soft sea-slugs, biohe- 
■ -mar, 23, 
nogeneoua, uniform in ]tind,126. 
Homology, 30. 

Humerus, the shoulder-bone, 81, 
Hyaline matter, pure, like gl.nss, 39, 
Hydra, egg of, 133 ; propagation of. 

Hydrogen, a gas which is the prin- 
cipal constituent of water, 41, 
Hydtoids, a family of polyps, 23. 

Ichthyosaurus, 229, 232. 
Icterus Baltimore, nest of, 70- 
Igneous, that haie been acted upon 

by fire, 216. 
Igulinodon, 229. 
Imbibition, 127. 



Ger 



irliest manifestatiot 
0, 42, 141. 
disk, 133, 137, 1 
iicle, 183, 137, 138; dot,I37,ia 



Gestation, the carrying of the youn 

before birth, 136. 
Gills, 31, 120, 124. 
Giaiard, 99. 
Glacial period, 236. 
Glands, 127; saliiary, 127. 
Globales of chvle, 100. 
Glottis, 66. 
Ooniomya, 230. 
Grallatores, birds nith long legs fc 

Trading, 2" 



mother, 186, 

nfusoria, microscopic animals in- 
ranged in theirpropec classes, 24, 
32; motions of, 40; generation of 



Insalivation, 108. 
Insects, number of, 27, 

essores, perching birds, like 

irdsot prey, 20. 

tinct, 67, 69. 
Intelligence, 67, 68. 
- .teroellular passages, 37. , 



Kidneys, ISO. 

Labyrinthodon, 228, 

~ ertans, animals of the lizard 

rihe, 20. 

iteals, vessels whicli take up the 
._utriment, UW 
Laincllibranchiates, tnollusks hai- 
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iiig gills aitaiiged in slieets, like 
the clam and oj'star, 22. 
Larva, the caterpillar or worm state 

Larynx, 6fi, 
Lasso-cells, 110. 
Layers of the embryo, 112. 
Leaping, 91. 
Lemromg, 190, 197. 
Lepttcna alternata, 221. 
LeBtris, 72. 
Life, 3a, M. 
Limbs, 6i. 

Llngula prima, 234. 
Lithodendion pseudostvlins, 231. 
lirer, 128. 
Lobophyllia fiabellum, 231. 



Menoponia, 202, 209. 

Mei^Qset, an aquatic bird allied to 

the gooee, 66, 193. 
Metacarpua, the wrist, S3. 
Metatarsus, 87. 
Metamorphic rocks, 216, 17i. 
"Metamorphosis, H9, 187; of the 

silk-worm, 175 ; eankei-worm, 



Lobsters, mode of swi 

nervous system, 46, 
LocomotioD, 79; organs of, 

Lohgo, arnis of, 130. 
Lungs, lis. 
Lymphatic vessels, 100. 

Magas, 232. 

MalacDstraca, 21. 

Hnmmals, animals vhlch n 
their yonno, 19 ; number of, 27 ; 
reign of, 2@, 233. 

Man, reign of, 222, 234; races of, 
2l2i his twofold nature, 25. 

Manatee, 206. 

Mandacats, insects famished nith 
jaws, 21. 

Marchantia polymorplia, reproduc- 
tion of, 166. 

Marl, earth principally composed 
of decayed shells and Eorala, 216. 

Marsnpials, animals with a poach 
for carrying their young, as the 
opossum ; testation of, 183. 

Marsupltes, 233. 

Mastication, lill. 

Mastodon, 236. 

Matrix, the organ In which the em- 
bryo is developed, 162. 

Medulla oblongata, continuation of 

-' ■ " ^ntolhebac 

y-llke anim 

■ ; developn 

digestive organs, 93; motion 81 

Megalobn'.rachus, 209. 

Megalos&uus, 223. 



Mollusks, soft animals of the anul 
a oyster kind; heart of, 117; 
er of, 129 ; number of, 27 ; meta- 
_jrphoBis of, 179. 
Monkey, teeth of, 107, 205. 
•'— (jcnlua, mode of carrying eggs, 
.,i ; motion, 73 : apparatus of,>3. 
Moulting, the shedding of feathers, 

hair, &c., 128. 
Muscles, ?3; disposition of, in in- 
its, 77 i in fishes, 78 ; in birds, 



Myiine glutinoea, its eye, 55. 

Natatores, birds with webbed feet 

for swimming, 20. 
Natica, tongue of, 102 ; heart of, 117- 
Nautili, 22. 
Neptunian rocks, 215. 
Nereis, jaws of, 102; gills of, 81 ; 

eye, 53. 
Nervous ajs 



lis. 



rticulatea, 4S; in c 
ceans, 46; in radiates, 47- 

Netvous tissue, 39. 

Nest of Baltimore oriole, 70; of tai- 
lor bird, 70; ofPloeeus, 71. 

Nomenelatnre, the naming of ob- 
jecta and their classes, family, &o. 

Nostrils, 60. 

NotosAurus, 223. 

Nucleolites, 2S2. 

Nucleolus, a little nucleus, 38. 

Nucleus, a kernel, or condensed 
central portion, 38. 

NudibrSnchiates, raollnsks having 
the gills floating oxlernally, fig. 91. 
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: AND OLOSSAEY. 



)Ti, 98. 



Ocelli, minule eyes, 62. 
Octi>pus, arms of, 180. 
Odora, 61. 

(Esophagiis, the gullet, 46, 99. 
Olfactory, pertaining to ths ae 

ofsmell, 45, 60. 
Omnivora, feeding upon all kinds 

of food, 107. 
Oolitic formation, 213. 
Operculum, a oOTct for the apei 

ofasheU. 
Ophidians, animals of tlie serpent 

Itind, 20. 
Optic nerves, 48. 



Otolites, little bones in the ears o( 

moUusks and Crustacea, S9. 
Ovary, the organ in ivhich egga 

ordinate, 133. 
Oriduct, the passaae through which 

the egg is excluded, 134. 
Oviparous, producing eggs, 131. 
Ovis montnna, 192. 
Ovo-viviparous, animals which 

hatch theic «ggs within their 

body, 13o. 



,ion, 41, 113, 121. 



mption m respira- 



Papilla, a little pimple, 62. 
Parameda, reprodnction of, 157- 
Parasitic, living on other objects- 
Passerine, birds of the sparrow kind, 



Perception, 67. 
Perchers, a class of birds, 20, 
Peripherie, exterior surface, 15 
Petiataltic motion, lOO. 



ce,40. 

Placenta, the organ by which the 
embryo of mammals is attached 
to the mother, 162- 

Placoids, fishes >vith a loiuch skin, 
like the shark or skate, ^. 

Planaria, its digestive apparntus, 
98; an eye of, 53. 

PJant-lice- See Aphides- 
Plants compared with animals, 41. 

Platynotus, 225- 

Pleiocene formation. 219. 

Plesiosautus, 229, 232. 

Plcraotomnria, 233. 

Ploceua Philippinus, nest of, 70. 

Plutonic rocks, 215. 

Podurella, mode of leapiTig, 92 ; em- 
bryo of, 144 ; egg of, 153. 

Polyps, a small animal fixed at one 
end, with numerous flexible feel- 
era at the other, 27, 53; repro- 



.,B, 143. 
88, 90. 



Primi 

Progression, 8 
Proliaerons, 

bearing the embryo, 141. 
Priteus, 209. 
Protosaurus, 228. 
Protractile, capable of being ei- 

irichthvB, 226. 
. _or6coma pinnata, 231. 
Pterodactylus, 230. 
Pteropods, mollusks with wing-like 

expansions tor swimioing, 23- 
Fulmonary, relating to the lunge, 

Pulmonates, mollusks which 

pjpirs.""' 

Pyrula, egg-casos of, 135. 
Quadrumauous, fouv-handed, 201 
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ptile$, 238, 
I uiiar modes. 



2'22,227. 
Eespiralion, 97, 118. 
££temuco3iira, 1^; i 



Rhizc 



■ods, 22. 



s, 22S. 



I, classificatian of, 215; defi- 
nition of, 215. 

Eodents, quadiupcds with teetit for 
gnawing, lUJ. 

Eotiferi, jaws of. 103 ; eggs of, 172. 

Eumiaanls,quBdiuped3 which chew 
the cud, 107, 

Running, 81. 

Ejtlna St^lleii, 210. 



Scansoies, birds adapted toi climb 

Scapliites. 232. 

Scapula, 83. 

Sclerotic, the principal coat of thi 

eve, 49. . 
Scutella, jaws of, 101. 
Sca-anccoone. See Actinia, 
Sea-urchin, bjb of, 53; digestivi 

SeconXrV age, IS, '227. ' 
Secretions, 97, 126. 
Sedimentary rocks, 215. 
Segment, portion of a circle o: 

sphere. 
Sensation, general, 43, H. 
Senses, special, 48. 
Sepia, 231. 
Serous, waterj. 142. 
Shark, egB of, 133. 
Shonldet-blade, 82. 



Skeleton, 74, 7T. 

Skin, structure of, 128. 

Smell, 60. 

Species, constancy of, 67 ; definition 

of, 17, 159. 
Spinal marrow, 45. 
Spondjli, 233. 
Sponges not animal. 41. 
Sponuneous generation, 171. 
Spores, the germs of eea-weetls, 

ferns, &i., 170. 
Standing, S3. 
Stapes, 57. 
Star-fish, metamorphoses of, 178; 

81; reproduction of parts, ISS. 
Stigmata, openings in =— — ' 

the admission of air, . 
Stomach, 97. 
Stratified rooks, 215. 
Stratum, a lajer. 



It the blood, 116. 



for 



Tertiary age, 222, 2i 
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